^ 



Europaisches 
Patentamt 



2 3 OEC ?fMf 

European 
Patent Office 




Beschei n i g u ng Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nSch- 
sten Blatt bezeichneten 
europarschen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixSs k 
cette attestation sont 
confbrmes d ia version 
initialement deposte de 
la demande de brevet 
europeen specifite a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n"* 

03008444.6 



COMPLIANCE WITH ^ 
RULBl7.1Ca)OP(b) 



Der Prasident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de rofflce europeen des brevets 
p.o. 



R C van Dijk 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 





Europaisches 
Patentamt 




ice 



Office europ^en 
des brevets 



Anmeldung Nr: 

Application no.: 03008444.6 
Demande no: 



Anmeldetag: 

Date of filing: 11.04.03 
Date de d^pot: 



Anmel der/Appl 1 cantC s)/Demandeur( s) : 
BASF AKTIENGESELLSCHAFT 



67056 Ludwlgshafen 
ALLEMAGNE 



Bezelchnung der Erf Indung/Tltle of the Inventlon/Tltre de 1 Mnventlon: 
(Falls die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrelbung. 
If no title ts shown please refer to the description, 
SI aucun titre n'est 1nd1qu4 se referer a la description.) 

Plasmid vectors for transformation of filamentous fungi 

In Anspruch genommene Prlorlat(en) / PrIorltyCles) claimed /Pr1or1t6(s) 
revend1qu£e(s) 

Staat/Tag/Aktenze1chen/State/Date/Flle no./Pays/Date/Num^ro de dgpot: 



Internationale Patentklassi f ikatlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 

C12N15/00 



Am Anmeldetag benannte Vertragstaa ten/Contracting states designated at date of 
flllng/Etats contractants designees Tors du depot: 



AT BE BG CH CY CZ DE DK EE ES FX FR GB GR HU IE IT LU MC ML 
PT SE SI SK TR LI 



03008444. 6 

EPA/EPQ/OEB Form 1014.2 - 01.2000 7001014 



2 



BASF Aktiexige£|^|scba£t: 20020174 gt:8 J j 9ZS9Ue }dU)3 



Plasmid vectors for transformation of filamentous fungi 
Description 

5 

The invention relates to novel plasmid vectors for transformation 
of filamentous fungi and to a method of modifiying the genome of 

>. filamentous fungi based on these vectors. The invention further- 
more relates to the modification of a specific gene via the pro- 

10 cess of homologous recombination, to recombinant expression of 
foreign genes in filamentous fungi and to new selection markers 
fof detecting the succ^sfull. transfer of the target gene in fiila- 
mentous fungi. 

15 One method currently used for transformation of filamentous fungi 
is random mutagenesis based on transposons insertion, a method 
also known for plant transformation (WO 01/38509) . This method 
allows to study the genoms for several species such as Magna- 
porthe grisea (for examples WO 00/55346; WO 00/56902) . However, 

20 this strategy requires a big effort in term of bioinf ormatic 

tools and molecular biology to localise precisely the insertion 
in the genome. 

Alternatively known transformation methods are based on targeted 

25 integration. Targeted transformation of fungi can be carried out 
either by offering a Knock out cassette with a markear-gene 
flanked by two homologous sequences (Aroxison et al, 1994, Mol. 
Gen. Genet. 242 J 490-494; Royer et al, 1999, Fungal Genetics and 
Biology 28: 68-78; Schaefer, 2001, Current Opinion in Plant Bio- 

30 logy 4: 143-150) or by quoting a plasmid with the marker gene in* 
the neighbourship of a homologous sequence (Shortle et al./1982. 
Science 217: 371-373; Bird and Bradshaw, 1997, Mol Gen Genet. 
255; 219-225; Feng et al., 2001 , ' Infection and Immunity 69 (3); 
1781-1794; Schaefer, 2001, Current Opinion in Plant Biology 4: 

35 143-150) . Both procedures are in principle attractive methods to 
study the gene function, but they have the disadvantage of a high 
frequency of integration at ectopic sites by illegitimate recom- 
bination. The gene targeting efficiency (gene targeting / gene 
targeting illegitimate recombination) is 95% for S. cerevisiae, 

40 10-90% for S. porabe, 5-75% for Aspergillus nidulans and 1-30% for 
Neuropsora crassa using a size of homology of 2-9 Kb (Schaefer, 
2001, Current Opinion in Plant Biology 4: 143-150). Especially for 
filamentous fungi this side effect is quite high, if conventional 
plasmid vectors are used. 

45 
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In adcLition, th.e efficiency of the gene targeting increases if 
the length of homologous recombination region is rised (Schaefer, 
2001, Current C^inion in Plant Biology 4: 143-150) . Thus, plasmid 
vectors currently used comprise gene fragments of the gene to be 
5 knocked out of a size of at least 2000bp as indicated above. The 
overall size of these plasmid vectors is at least SOOObp (P. J. 
Punt et. al., 1992, Methods in Enzymology, vol.216, pp 447-457; ; 
Schaefer, 2001, Current Opinion in Plant Biology 4: 143-150) . 
Since transformation efficiency is decreasing by increase of the 
10 plasmid vector size, transformation efficiency is unsatisf actury 
giving rise to long times until positive clones can be identi- 
fied. This isP an. obstacle especially for large scale genomic 
analysis projects or recoxnbinant expression. 

15 Furthermore, currently used plasmid vectors contain many unicjue 
restriction sites, rising difficulties in construction of the * 
knock-out (K0-> plasmids and the transformation process. The ef- 
ficiency of homologous recombination is improved when the KO- 
plasmid is digested with a restriction enzyme presenting a unique 

20 site in the middle of DNA fragment homologous to the targeted 

gene. The presence of high amount of restriction sites especially 
unique ones in the plasmid bacJcbone decrease the chance to find a 
natural restriction site in the appropriate location of the tar- 
geted DNA fragment. This problem is usually oyercome by modifica- 

25 tion of the targeted DNA fragment requiring several cloning step 
and additional manipulation in terms of molecular biology, what 
is a disadvantageous time consuming methology. 

Integration of recombinant gene by homolgous recombination in 

30 fungi is also a tool to identify gene function for essential 

gene: the biochemical characterization of an essential gene can- 
not be studied by classical knock-out strategy since the mutants 
carrying a disruption of such a gene are not viable. One way con- 
sisting to overexpress such a gene overcome the problem when a 

35 typical phenotype can be assigned to the mutant that overexpres- 
ses the gene. Another approach can be to regulate the gene ex- 
pression by an inducible promoter sequence so that the gene could 
be expressed or repressed when needed and consequently permits to 
isolate viable mutants. As mentioned above, these approaches re- 

40 quire at least several thousand bp of the nucleic acid sequence 
to be studied that need to be integrated in the genome of the 
fungi together with a plasmid vector comprising the different 
parts of the nucleic acid sequence. In addition^ if the recombi- 
nant DNA is integrated at an ectopic site, the identification of 

45 the mutant strains becomes more complicated and the position of 
the integration in the genome may influence the level of expres- 
sion of the recombinant protein. Taking the aforesaid into con- 
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sid^ratioTi, currently existing plaamid vectors currently used for' 
transformation of filamentous fxmgl exhibit a lot of disadvan- 
tages and are neither suitable for large scale analysis e.g. in 
functional genomic studies nor convenient for recombinant expres- 
5 sion in a filamentous fungi. Additionally, there is a constant 
need for new selection markers facilitating the selection pro- . 
cess. 

Thus, object of the present invention was to develop tools for 
XO targeted transformation of filamentous fungi that overcome the 
disadvantages of the state of the art like plasmid vectors suit- 
able for Junctional genomic Studies and recombinant expression 
and new selection markers. • 

15 Surprisingly, we have found that the object of the invention has 
been achieved by construction of a plasmid vector for targeted 
transformation of filamentous fungi comprising 

a) an origin of replication for a host organism which is not . 
20 originating from the filamentous fungi to be transformed; 

b) a selection marker for a host organism not originating from 
the filamentous fxmgi to be transformed; 

25 c> a promoter facilitating recombinant expression in filamentous 
fungi that is"^ functionally linked to the coding region of the 
hygromycin resistance gene which is f;mctionally linked to a 
terminator which facilitates transcription termination in 
filamentous fungi; 

30 

wherein the overall size of the elements a) , b) and c) does not 
exceed 4500 bp; and 

d) a nucleic acid sequence, which is homologous to nucleic acid 
35 sequences of the filamentous fungi to be transformed and 

makes homologous recombination in the filamentous fungi to be 
transformed possible. 

The term overall size of the elements a) , b) and c) designates 
AO the combination of the essential elements of the expression vec- 
tor without the nucleic acid sequence d) . 

The overall size of the elements a) , b) and c) does not exceed 
4500 bp, preferaby 4100 bp, more preferably 3700 bp. 

45 
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In addition to the nucleic acid elezaents a), b) / c) and d) the 
plasmid vector optionally comprises a. cloning site containing 
rare restriction sites or a .TA-cloning site by which further nu- 
cleic acid sequences can been cloned easily into the plasmid vec- 
S tor. A TA-cloning site comprises thymidine residues linked onto 
' the 3 '-ends of linearized plasmid DNA, which would allow some 
annealing to occur between the vector and the A-tailed PGR prod- 
uct to be ligated. This process is called TA cloning. Preferably, 
the vector is modified that there are only few unique restriction 
10 sites left enabling the digestion by commercial available re- 
striction enzymes of the homologous sequence of the targeted gene 
prior to the transformation. * • 



Filamentous fungi that can be transformed with the vectors of the 
15 present invention are non-phytopathogenic filamentous fungi e.g. 
Neurospora species like Neurospora crassa and phytopathogenic 
filamentous fungi, wherein the phytopathogenic filamentous fungi 
are preferred. Examples of other non-pythopathogenic filamentous 
fungi are Aspergillus species such as Aspergillus parasiticus, 
20 Aspergillus nidulans, Aspergillus niger and Wagiella such as Wan- 
giella dermatidis. Preferred phytopathogenic filamentous fungi 
are selected from the group consiting of the genera Altemaria,* 
Podosphaera, Sclerotinia, Physalospora, Botrytis, Corynespora; 
Colletotrichum; Diplocarpon; Elsinoe; Diaporthe; Sphaerotheca; 
25 cinula, Cercospora; Erysiphe; Sphaerotheca; Leveillula; Mycosp- 
haerella; Phyllactinia: Gloesporium? Gymnosporangium. Leptotthry- 
dium, Podosphaera; Gloedes; Cladosporium; Phomopsis; Phytopora; 
Phytophthora ; Erysiphe; Fusarium; Verticillium; Glomerella; 
Drechslera; Bipolaris; Personospora; Phaeoisariopsls; Spaceloma; 
Pseudocercosporella; Pseudoperonospora; Puccinia? Typhula; Pyri- 
cularia; Rhizoctonia; Stachosporium; Uncinuia; Ustilago; Gaeuman- 
nomyces and Fusarium, more preferred from the group consisting of 
the genera and species Alterriaria, Podosphaera, Sclerotinia, Phy- 
aalospora such as Physalospora canker, Botrytis species such as 
^5 Botrytis cinerea, Corynespora such as Corynespora melonis; Colle- 
totrichum; Diplocarpon such as Diplocarpon rosae; Elsinoe such as 
Elsinoe fawcetti, Diaporthe such as Diaporthe citri; Sphaero- 
theca; Cinula such as Cinula neccata, Cercospora; Erysiphe such 
as Erysiphe cichoracearum and Erysiphe graminis; Sphaerotheca 
such as Sphaerotheca fuliginea; Leveillula such as Leveillula 
taurica; jaycosphaerella; Phyllactinia such as Phyllactinia kaki- 
cola; Gloesporium such as Gloesporium kaki; Gymnosporangium such 
as' Gymnosporangium yamadae, Leptotthrydium such as Leptotthrydiiam 
pomi, Podosphaera such as Podosphaera leucotricha; Gloedes such 
45 Gloedes pomigena; Cladosporium such as Cladosporium carpophi- 
lum; Phomopsis; Phytopora; Phytophthora such as Phytophthora in- 
festans; verticillium; Glomerella such as Glomerella cingulata; 
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Drechslera; Bipolarls; Personospora; Phaeolsariopsis such as 
Phaeoisariopsis vitis; Spaceloma such as Spaceloma ampelina; 
Pseudocercosporella such as Pseudocercosporella herpotrichoides ; 
Pseudoporonospora;' Puccinia; Typhula; Pyricularia such as Pyricu- 
5 laria oryxae; Rhizoctonia; Stachosporium such as Stachosporiuzn 
nodoram; Uncinula such as Uncinula necator; Ustllago; Gaeumanno- 
myces species such as Gaeumannomyces graminis and Fusarium such 
as Fusarium dimeriuni/ Fusarium merismoides, Fusarium later itium/ 
Fusarium decemcellulare, Fusarium poae, Fusarium tricinctum, Fu- 

XO sarium sporotrichioides^ Fusarium chlaff^dosporumr Fusarium moni- 
llforme, Fusarium proliferatum, Fusarium anthophilum, Fusarium 
subglutinans , Fusarixam hygamai^ Fusarium oxyspcrum, Fusarium so- 
lani, Fusari\jm culmorum/ Fusarium sarribucinum, Fusarium crookwel- 
lense, Fusarium avenaceum ssp. avenaceum, Fusarium avenaceum ssp. 

15 aywerte^ Fusarium avenaceum ssp* nurragi, Fusarium hetrosporum, 
Fusarium acuminatum ssp. aciAininatum, Fusarium acuminatxun ssp. ar- 
meniacijro, Fusarium longipes, Fusarium compactum, Fusarium equi- 
seti, Fusarium scxxpx, Fusarium polyphialidicum, Fusarium semi- 
tectiun.and Fusari\am beomiforme and especially preferred from the 

20 genera Fusarium such as Fusaxium graminearum, most preferred from 
the group consisting of the genera and species Fusaarium, Fusa- 
ri\am dimerium, Fusarium merismoides, Fusarivim lateritium, Fusa- 
rium decemcellulare, Fusarixuti poae, Fusarium tricinctum, Fusarium 
sporotrichioides , Fusarium chlamydosporum, Fusarium moniliforme, 

25 Fusarium prolif eratum, Fusarium anthophilum, Fusarium subgluti- 
nans, Fusarium nygamai, Fusarium 03cysporum^ Fusarium solani, Fu- 
sarium culmorxim, FusariAxcn sambucinimi, Fusarium crookwellenae, Fu- 
sarium avenac^iam ssp. avenaceum^ Fusarium avenaceum ssp. aywerte, 
Fusarium avenaceum ssp- nurragi, Fusarium hetrosporum^ Fusarium 

30 acuminatum ssp, acuminatum, Fusarium acuminatum ssp. armeniacum, 
Fusarixmi longipes, Fusarium compactiam, Fusarium equiseti, Fusa- 
rium scripi, Fusarium polyphialidicum, Fusarium semi tectum and 
Fusarium beomiforme wherein Fusarium graminearum is most prefer- 
red, 

35 

The host organism in which the origin of replication a) is func- 
tionally active essentially serves for constructing and propagat- 
ing the plasmid vector of the invention. The host organism must 
be genetically different from the filamentous fungi to be trans- 
formed/ since replication of the plasmid vector should not take 
place in the f ilai»ientous fungi to be transformed but is desired 
in the host organism^ due to using the origin of replication a) • 
Host organisms which may be used are all common microorganisms 
which can easily be manipulated by genetic engineering. Preferred 
host organisms are Gram-negative bacteria such as the genera 
Escherichia and Salmonella e.g. Escherichia coli and Salmonella 
thyplimurium or Gram-positive bacteria such as the genera Bacil- 
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lus and Str^tornyceS/ e.g. Bacillus s\xbtilis and Streptomyces ni- 
dulans. Particularly preferred are Gram-negative bacteria such, as 
Eschericliia^ e.g, Escherichia coli. 

5 Preferred origins of replications (ori) are the col El ori, the 
fl ori-. 

The term ^'selection marker for a host organism*" set forth in b> 
means a gene or the escpression product of the gene. Preferred 
me£tnings are genes whose expression causes resistance of the host: 
« organism to antibiotics, by preference a resistance to kanamycin, 
chloramphenicol, tetracycline^ zeocin or ampicillin and particu- 
airy preferred ampicillin and kanamycin. 

Xn a preferred embodiment;/ che element a) of the plasmid vector 
according to the invention cottar ises a col El origin of replica- 
tion and the ainpicillin resistance gene as selection marker for 
the host organism. 

2^ The element c) is bereinbelow termed as **hygromycin cassette" . 
The coding region of the hygromycin resistance gene (hereinbelow 
termed ''hygromycin gene'') is known by the skilled artisan (Gritz 
L. and Davies 0*. ,1983, Gene 25, 179-188, Kaster, K.l^., Burgett 
S,G. and Ingolia T.D., 1984, Curr. Genet. 8,353-358) and has a 

2^ length of 1026bp. • 

Examples of. suitable promoters to which the coding region of the 
hygrojtrycini gene is functionally linked to, are the GPD-1-, PX6-, 
TEF--, CUP1-, PGK-, GAP1-, TPI, PH05~, AOXl, GALlO/CYC-1, CYCl , 
OliC-, ADH-, TDH~, Kex2-, MFa-, or tbe NMT-promotor (Degryse et 
• al.. Yeast 1995 Jun 15; 11 (7) : 629-40 ; Romanes et al. Yeast 1992 
Jun;8(6) :423-88; Benito et al, Eur, J- Plant Pathol. 104, 207-220 
(1998); Gregg et al . Biotechnology (W Y) 1993 Aug;ll(8> :905-10; 
Luo X., Gene 1995 Sep 22 ; 163 (1) ;127'-31 ; Nacken et al.. Gene 1996 
35 Oct 10;17S (1--2) :253-60; Turgeon et al., Mol Cell Biol 1987 
Sep;7(9) :3297-305) , preferably the CYC1-, ADH-, TDH-, Kex2-, 
GPD-1-. PX6, TEF-, CUP1-, PGK-, GAP1-, TPI, PH05- or AOXl-promo- 
tor, more preferably the GPD-1-, PX6, TEF- or the CUPI -promoter , 
'most preferably the" GPDl or the TEF-promotor . 

40 

Examples of suitable terminators that are functionally linked to 
the coding region of the hygromycin gene are the A0X1-, nos-, 

TrpC- or the CYCl-terminator (Degryse et al.. Yeast 1995 
Jun 15; 11 (7) :629-40; Brvmelli et al. Yeast 1993 Dec9(12): 
*S 1309-18; Frisch et al.. Plant Mol. Biol. 27 (2), 405-409 (1995); 
Scorer et al.. Biotechnology (N.Y-) 12 (2), 181-184 (1994), Gen- 
bank acc. number. 24 6232; Punt et al., (1987) Gene 56 (1)/ 
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117-124)), preferably tlie CYCl- or noa- terminator, more prefer-- 
ably the nos-terminator . 

In a preferred embodiment, the hygrontycin cassette comprises a 
5 GPD-1 promoter functionally linked to the coding region of th<s 
hygromycin region which is ftmctionally linked to the nos-termi- 
nator. 

A functional linkage is xinderstood as meaning the sequential ar- 

10 rangement of promoter and coding sequence^ o£ coding sequence and 
terminator or of promoter, coding segiuence and terminator in such 
a manner that eAch of the regulatory elements can, upon expres- 
sion of the coding sequence, fulfil its function upon the recom- 
binant expression of the nucleic acid sequence. Direct linjcage in 

15 the chemical sense is not necessarily required for this purpose. 
Preferred arrangements are those in which the. hygronycin gene to 
be expressed recombinant ly is positioned downstream of the se- 
quence which acts as promoter, so that the two sequences are 
linked covalently to each other. The distance between the pro- 

20 moter sequence and the nucleic acid seqcuence to be expressed re- 
combinantly is preferably less than 100 base pairs, especially 
preferably less than 50 base pairs, verv especially preferably 
less than 10 base pairs. The distance between the terminator se- 
quence and the nucleic acid sequence to be expressed recombi- 

25 nantly is preferably less than 100 base pairs, especially prefer- 
ably less than 5 0 base pairs, very especially preferably less 
than 10 base pairs. However, further sequences which, for exam- 
ple, exert the fvinction of a linker, with certain restriction en- 
zyme cleavage sites, or of a signal peptide; may also be posi- 

30 tioned between the two sequences* 

These vectors are not only much more smaller than currently used 
plasmid vectors, but exhibit also a high transformation effi- 
ciency. Surprisingly, a high transformation efficiency can be 

35 gained even if small DWA- fragments of at least 300bp, preferably 
at least 400bp, more preferably at least 450bp, most preferably 
at least 500bp of the nucleic acid sequence d) to be analyzed are 
used. The average degree of illegitimate recombination is below 
30%, preferably below 25%, more preferably 20%, most preferably 

.40 between 0 to 15%. 

The nucleic acid, sequence d}* has a homology of at least 80% to 
the nucleic acid sequence of the filamentous fungi to be trans- 
formed, preferably at least 90%, more preferably at least 95% and 
45 roost preferably at least 100%. 
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m a preferred CTOsodiment, the nucleic acid sequence d) origi- 
nates from a filamentous fungi and has a length of at least 
300bp, preferab-ly 400bp, more preferably at least 450bp, most 
preferably at least 500bp. These lengths are suitable for func- 
5 tional genomic studies for which a higb- number of transformants 
is recjuired. Also nucleic acid sequences exceeding 500bp can be 
used, e.g. for the purpose recombinant expression. 

If the nucleic acid sequence d) is to be expressed recombinantly 
10 in the filamentous fungi, it can be functionally linked to a pro- 
motor e) and optionally to a terminator f ) .. 

Examples of suitable promoters e) are for example the AUG1-, 
GPD-1-, PX6-. TEF-, CUP1-, PGK-, GAPl-, TPI, PH05-, AOXl, 

15 GALlO/CYC-l, CYCl. OliC-, ADH-. TOH-, Kex2-, MFtt- or the NMT-pro- 
motor or combinations of the aforementioned promoters (Degryse et 
al Yeast 1995 Jun 15; 11 (7) : 629-40, Romanes et al- Yeast 1992 
JunU(6):423-88; Benito et al - Eur. J. Plant Pathol. 104 207-220 
(1998); Cregg et al. Biotechnology (N Y) 1993 Aug;ll(8) :905-10; 

20 Luo X.. Gene 1995 Sep 22 ; 163 (1) :127-31; Nacken et al. Gene 1996 
Oct 10;175(l-2): 253-60; Turgeon et al.. Mol Cell Biol 1987 
Sep;7(9) :3297-305) . 

Examples of suitable terminators f) are the MMT-, Gcyl-, TrpC-, 
25 AOX1-, noB-. the PGK- or the CYCl-terminator (Degryse et al.. 

Yeast 1995 Jun 15; 11 (7) . 629-40 ; Brunelli et al'. Yeast 1993 

Dec9(12): 1309-18; Frisch et al.. Plant Mol, Biol. 27 (2). 

405-409 (1995); Scorer et al.. Biotechnology - (N.Y. ) .12. (2),. . 

181-184 (1994), Genbank acc. number Z46232, Zhao et al. Genbank 
30 acc number : AF049064; Punt et al.. (1987) Gene 56 (1), 

117-124) . 

The nucleic acid sequence d) can be also functionally linked to 
an affinity tag to purify the encoded protein and/or to a re 
33 porter gene to study biochemical properties of the nucleic-acid 
sequence d) in vivo, respectively. 

"Reporter genes" encode readily quantifiable proteins, ^^^f 

these genes, an assessment of transformation -^^^^^^^^^^^^^^^ 
40 site or time of expression can be made via growth, fluorescence, 

chemoluminescence. bioluminescence or resistance assay or via 

photometric measurement (intrinsic color) or -^^^^^^f 
• very especially preferred in this context ^^^^"^"^3 "^^t 

(Schenborn S, Groskreutz D. Mol. Biotechnol. 1999; 13<l)-^29 44) 
« suci S the "green fluorescence protein" (GFP) <5erdes HH ax^ 

Kaether C, FEBS Lett. 1996; 389 (1) :44-47 ; Chui WI. et al., .Curr. 

Biol, 1996, 6:325-330; Leffel SMet al., Biotechniques . 
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23(5):912-8, 1997), chloramphenicol acetyl transferase, a lucif- 
erase (Giacomin, Plant Sci. 1996, 116:59-72; Scikantha, J. Bact. 
1996, 178:121; Millar et al.. Plant Mol , Biol. Rep. 1992 
10:324-414), and lucif erase genes, in general P-galactosidase or 
P-glucuronidasQ (Jefferson et al., EMBO J. 1987, 6/ 3901-3907), 
tlie Ura3 gene, the Ilv2 gene, the 2-desoxyglucose-6*-phosphate 
phosphatase gene, P-^lactaznase gene, the neornyc in" phosphotransfer- 
ase gene, the .hygromycin phosphotransferase gene, or the BASTA ( = 
gluphosinate) resistance gene. 



10 



The term ^affinity tag" denotes a peptide or polypeptide whose 
coding nucleic acid secjuence » can be fused to the' nucleic acid se- 
quence d) either directly or using a linker, by customary cloning 
techniques. The affinity tag serves to isolate the recombinant 
^® target protein by means of affinity chromatography. The abovemen- 
tioned linker can optionally coinprise a protease cleavage site 
(for example for thrombin or factor Xa) , whereby the affinity tag 
can be cleaved off from the target protein, as required. Examples 
of customary affinity tags are the "his-tag", for exaixqple from 
Quiag^, Hilden, ^strep-tag" , "xiyc-tag" (Invitrogen, Carlsberg) , 
New England Biolab's tag which consists of a chitin binding do- 
main and an intein, and what is known as the CBD'-tag from Mova- 
gen, 

In a particularly preferred embodiment, the plasmid vector com- 
prises an coli El ori, the ampicillin resistance gene as selec- 
tion marker, a GPD-1 promoter functionally linked to the coding 
region of the hygror^ycin resistance, gene which is functionally 
linked to the no s*- terminator . 

30 

Preferably, the vector also comprises a multiple cloning site 
conqprising appropriate restriction enzyso,^ site. Appropriate re- 
striction sites are well kx).own by the skilled artisan* 

'® In a further preferred embodiment, the plasmid vector additionaly 
comprises a TA-cloning site to facilitate the overall cloning 
procedure . 



40 



Examples of particularly preferred embodiments are set forth in 
Fig* 1 and 2. 



All of the above-mentioned exabodiments of plasmid vectors are 
hereinbelow termed as '^plasmid vector (or vector) according to 
the invention"* 



BASF JUctiengesi^cliaf t 20020174 g^: 8 »!■ J dl^^ 3ZSSUEMBI3 



10 

A vector according to the invention may also comprise at least 
one additional selection marker. 

If a plasndd is used for recombinant expression in a host, a 
5 marker is required indicating the sucessfull transfer of the 
plasmid vector DNA into the filamentous fungi to be transformed. 

Surprisingly, we have found that the gene fragments of the poly- 
ketide synthase are a well suited selection marker The term 
10 -selection marker" referred to the polyketide synthase herein 
means a nucleic acid sequence. 

More precisely, the term "selectable marker", "selection marker" 
or "marker" used in connection with polyketide synthetase for 
15 transformation of fil^ntous fungi means a nucleic acxd sequence 
encoding a polyketide synthetase or fragments of the jf^^f^;^' 
tioned nucleic acid sequence. Preferred embodiments of the afore- 
mentioned marker as well as preferred embodiments of methods of 
use of the respective marker are described herein below. 

20 , . 

Polyketide synthases are multifunctional enzymes that are in- 
volved in the biosynthesis of several important polyketxdes. 
Polyketides constitute a large and highly diverse group of secon- 
dary metabolites, synthesized by bacteria, fungi and plants and 

25 algae. They include antibiotics, con5,ounds with mycotoxic actxv- 
fty? and compounds within pigment biosynthetic pathways. Further 
a p;iyketide synthase is described to be required for fungal vir- 
ulence of Cochliob6lus heterostrophous toward maize (Yang et. al.. 
1996 PMID: 8953776). Polyketide Synthetases are furthermore known 

30 £rom Wangiella dermatidis (pubMedlD : 11179356) , ^^P"^^^^^^^^ 
nidulans (Swiss-prot ID: Q03149) and from Aspergillus parasiticus 
(Swiss-Prot JD:Q12053) . 

The use of polyketide synthase as selectable marker to be used in 
35 an expression for filamentous fungi has not yet been described. 

• The present invention also encompasses a selection marker compri- 
sing a nucleic acid sequence encoding a polyketide synthetase 
fragment, wherein said nucleic acid sequence comprises 

i. a nucleic acid sequence shown in SEQ ID NO:l or SEQ ID N0:2; 



40 



or 



ii.. parts of the nucleic acid sequence as defined in i. consist- 
45 ing of at least 300bp- 
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Parts or segments of nucleic acid sequences set fortii in ii. con- 
sist of at least 300bp, preferably at least 400bp, more prefei:- 
ably at least '450bp, most preferably at least 500bp of tbe nu- 
cleic acid sequences. In a further preferred embodiment, those 
5 parts are selected from SEQ ID N0:1, preferably from 732bp to 
5881bp of SEQ ID NO:l e.g. from 2236bp to 2870bp. 

Furthermore, the present invention encompasses a selection marker 
comprising a nucleic acid sequence encoding a polyketide synthe- 
10 tase or a polyketide synthetase fragment, wherein said nucleic 
acid sequence comprises 

i, a nucleic acid sequence shown in SEQ ID NO: 3, SEQ ID NO: 4 or 
SEQ ID NO:S; or 

15 

ii. a nucleic acid sequence whichr owing to the degeneracy of 
the genetic code, can be deduced from the amino acid se- 
quence shown in SEQ ID NO: 6 by back translation; or 

iii- a functional equivalent of the nucleic acid sequence set 

fprth in i) which is encoded by an amino acid sequence that 
has at least an identity of 50% with the SEQ ID NO: 6; or 

iv. parts of the nucleic acid sequence as defined in i-, ii. or 
25 iii. consisting of at least 30Obp. 

V. parts of the nucleic acid sequence as defined in i., ii* or 
iii. consisting of at least 300bp comprising 

30 a) a nucleic acid sequence shown in SEQ ID NO: 7; or 

b> 



35 



40 



45 



a nucleic acid sequence which, owing to the degeneracy of 
the genetic code, can, be deduced from the amino acid se- 
quence shown in SEQ ID NO: 8 by back translation; or 

c) a functional equivalent of a nucleic acid sequence set 
forth in a) which is encoded by an amino acid sequence 
that has at least an identity of 85% with the SEQ ID 
NO:8, 

Parts or segments of nucleic acid sequences set forth in iii- or 
V. consist of at least 300bp, preferably at least 400bp, more 
preferably at least 450bp, most preferably at least 50O.bp of the 
nucleic acid sequences. Preferably, the aforementioned parts or 
segments of nucleic acid sequences are those set forth in v.a), 
v.b) or v.c), more preferably those set forth in v.a) or v.b) 
most preferably those set forth in v.a). For example, those parts 
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can be selected from 223dbp to 2865bp of SEQ ID N0:3. 

The functional equivalents of the nucleic acid sequence set forth 
in iv. are encoded by an amino acid sequence that has at least an 
5 identity of 50%, 51%, 52%, 53%, 54%', 55%, 56%, 57%, 58%, 59%, 
60%, 61%, 62%, 63%, 64% or 65% or preferred of 66%, 67%, 68%. 
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78% or 79% more pre- 
ferred of 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89% or 90% 
most preferred of 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% 
10 with SEQ ID NO; 6.. 

The functional equivalents of the nucleic acid*sequence set forth* 
in v-c) are encoded by an amino acid sequence that has at least 
an identity of 85%, 86%, 87% or 88% or preferred of 89%, 90%, 
15 91%, 92% or 93% more preferred of 94%, 95% or 96% most preferred 
of 97%, 98% or 99% with SEQ ID N0:8- 

Preferred are nucleic acid sequences as defined above originate 
from filamentous fungi, preferably phytopathogenic filamentous 

20 fungi selected from the group consiting of the genera Neurospora, 
Altemaria, Podosphaera, Sclerotinia, Physalospora, Botrytis^ Co- 
rynespora; Colletotrichum; Diplocarpon; Elsinoe; Diaporthe; 
Sphaerotheca; Cinula, Cercospora? Erysiphe; Sphaerotheca ; Leveil- 
lula; Mycosphaerella; Pbyllactinia; Gloesporium; Gymnosporangium, 

25 Leptotthrydium, Podosphaera; Gloedes; Cladosporixm; Phomopsis; 

Phytopora; Phytophthora; Erysiphe; Fusarium; Verticillium; Glome- 
rella; DrechsJera; Bipolaris; Personospora; Phaeoisariopsis; Spa- 
celoma ; Pseudocercosporella; Pseudoperonospora ; Puccinia; Ty.- 
phula; Pyricularia; Rhizoctonia; Stachosporiuiti; Uncinula; Usti- 

30 lago; Gaeumaniiomyces and Fusariuni, more preferred from the group 
consisting of the genera and species Alternaria, Podosphaera, 
Sclerotinia, Physalospora such as Physalospora canker, Botrytis 
species such as Botrytis cinerea, Corynespora such as Corynespora 
melonis; Colletotrichum; Diplocarpon such as Diplocarpon rosae; 

35 Elsinoe such as Elsinoe fawcetti, Diaporthe such as Diaporthe ci- 
tri; Sphaerotheca; Cinula such as Cinula neccata, Cercospora; 
Erysiphe such as Erysiphe cichoracearum and Erysiphe graminis; 
Sphaerotheca such as Sphaerotheca fuliginea? Leveillula such as 
Lcveillula taurica; Mycosphaerella; Phyllactinia such as Phyllac- 

40 tinia kakicola; Gloesporium such as Gloesporium kaki; Gymnospo- 
rangium such as Gymnosporangium yamadae, Leptotthrydixmi such as 
Iieptotthrydium pomi, Podosphaera such as Podosphaera leucotricha; 
Gloedes such as Gloedes pomigena; Cladosporium such as Cladospo- 
rium carpophiliAia; Phomopsis; Phytopora; Phytophthora such as Phy- 

45 tophthora infestans; Verticillium? Glomerella such as Glomerella 
cingulata; Drechslera; Bipolaris; Personospora; Phaeoisariopsis 
such as Phaeoisariopsis vitis; Spaceloma such as Spaceloma ampe- 
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lina; Pseudocercosporella such as Pseudocercosporella herpotri- 
ehoides; Pseudoperonosppra; Puccinla; Typhula; Pyricularia such 
as pyricularia oryzae; Rhizoetonia; Stachosporiuia such as Sta- 
chosporium nodorum; Uncinula such as Uncinula necator; Ustilago; 
5 Gaeumannomyces species such as Gaeumannomyces graminis and Fusa- 
. rium such as Pusarium dimerlum, Fusarium aerismoides. Fusarium 
lateritium, Fusarium decemcellulars, Fusarium poae, Pusarium tri- 
cinctum, Fusarium sporotrichioides , Fusarium chlamydosporum, Pu- 
sarium monilifontve, Fusarium prolif eratum, Fusarium anthophilum. 
10 Fusarium subglutinans , Fusarium nygamai, Fusarium oxysporum, Fu- 
sarium solani, Fusarium culmorum, Pusarium sanibuciiium. Pusarium 
crookwfellense, Fusarium a^enaceum ssp. avenacteum. Fusarium avena*- 
ceum ssp. aywerte, Fusarium avenaceum ssp. nurragi, Fusarium he- 
trosporum, Pusarium acuminatum ssp. acuminatum, Fusarium acumina- 
15 turn ssp. armeniacum, Fusarium longipes, Pusarium coinpactum, Fusa- 
rium equiseti, Fusarium scripi, Fusarium polyphialidicura, Fusa- 
rium semitectum and Pusarium beomiforme and especially preferred 
from the genera Pusarium such as Fusarium graminearum, most pre- 
ferred- from the group consisting of the genera and species Fusa- 
20 rium, Fusarium dimerium, Fusarium merismoides, Fusarium lateri- 
tium, Fusarium decemcellulare, Pusarium poae, Fusarium tricinc- 
tum. Fusarium sporotrichioides, Fusarium chlamydosporum, Fusarium 
moniliforme, Pusarium prolif eratum, Fusarium anthophilum, Fusa- 
rium subglutinans, Pusarium nygamai, Fusarium oxysporum. Fusarium 
25 solani, Fusarium eulmorum, Fusarium sambucinum. Fusarium crook- 
wellense, Fusariiam avenaceum ssp. avenaceum, Fusarium avenaceum 
asp. aywerte, Fusarium avenaceum ssp. nurragi, Fusarium hetrospo- 
rum. Fusarium acuminatum ssp. acuminatian, Fusarium. acuminatum 
ssp. armeniacum. Pusarium longipes, Fusarium conrpactarni/ Fusarium 
30 equiseti, Fusarium scripi,' Pusarium polyphialidicum, Fusarium se- 
mitectum and Fusarium beomifoiroe wherein Fusarium graminearum is 
most preferxed. 

Preferred non-phytopathogeriic filamentous fungi are fungi of 
35 group consisting of the genera Neurospora such as Neurospora 

orassa, Aspergillus such as Aspergillus parasiticus, Aspergillus 
nidulans , Aspergillus niger and Wangiella such as Wangiella der- 
matidis. 

40 The term "comprising" means that the nucleic acid sequence ac- 
. cording to the invention can be flanked by additional nucleic 
acid sequences that have on the 5' end a sequence length of at 
least XOOO- bp and preferably at least 500 bp, more preferably at 
least lOObp. most preferably at least 50bp and on the 3 ' a se- 

45 quence length of at least 1000 bp and preferably at least 500 bp, 
more preferably at least 100 bp most preferably at least 50bp. 
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^Functional equivalents" in the present context describe nucleic 
acid sequences which hybridize under standard conditions with the 
nucleic acid sequence or portions of the nucleic acid sequence 
having the function of the a selection marker. 

5 

It is advantageous to use short oligonucleotides of a length of 
10-50 bp, preferably 15-40 bp, for exaitple of the' conserved or 
other regions, which can be determined via comparisons with other 
related genes in a manner known to the skilled worker for the hy- 
bridiaation. Alternatively, it is also possible to use longer 
fragments of the nucleic acids according to the invention or the 
complete sequences for- the hybridization*. These standard cohdi- 
• tions vary depending on the nucleic acid used, viz. oligonucleo- 
tide, longer fragment or complete sequence, or depending on which 
type of nucleic acid, viz. DNA or BKAr is being tised for the hy- 
bridization. Thus, for example, the melting temperatures for 
DNA: DNA hybrids are approx- 10«C lower than those of DNA:RNA hy-. 
brids of equal length. 



20 



25 



30 



35 



40 



45 



Standard conditions are understood as meaning, depending on the 
nucleic acid, for example temperatures between 42 and SS^C in an 
aqueous buffer solution with a concentration of between 0-1 and 5 
X SSC (1 X SSC = 0.15 M NaCl, 15 mM sodium citrate, pH 7.2) or 
additionally in the presence of 50% forroamide such as, for exam- 
ple, 42<'C in 5 X SSC, 50% formamide. The hybridization conditions 
for DNA: DNA hybrids are advantageously 0.1 x SSC and teir^eratures 
of between approximately 20^C and 45*^C, preferably between approx- 
imately 30<^C and 45*^C. The hybridization conditions for DNA:RNA ' 
hybrids are advantageously 0-1 x SSC and temperatures of between 
approximately 30^C and 55^*0, preferably between approximately 45<^C 
and 550c, These temperatures stated for the hybridization are 
melting temperature values which have been calculated by way of 
example for a nucleic acid with a length of approx. 100 nucleo- 
tides and a G + C content of 50% in the absence of formamide. The 
experimental conditions for DNA hybridization are described in 
specialist textbooks of genetics such as, for example, Sambrook 
et al-, ^Molecular Cloning", Cold Spring Harbor Laboratory, 1989 
and can be calculated using formulae known to the skilled worker, 
for example as a function of the length of the nucleic acids, the 
type of the hybrids or the G + C content. The skilled worker can 
find more information on hybridi25ation in the following text- 
books: Ausubel et al. (eds) , 1985, Current Protocols in Molecular' 
Biology, John Wiley & Sons, New York; Hames and Higgins (eds), 
1985, Nucleic Acids Hybridization: A Practical Approach, XRL 
Press at Oxford University Press, Oxford; Brown (ed) , 1991, Es- 
sential Molecular Biology: A Practical Approach, IRL Press at Ox- 
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ford University Press, Oxford. 

A functional ecjaivalent is furthermore also understood as mean- 
ing, in particular, natural or artificial mutations of the rele- 
^ vant nucleic acid sequences of the polyketide synthetase (PKS) as 
set forth in SEQ ID N0:1, SEQ ID NO:2, SEQ ID N0;3, SEQ ID N0:4 
or SEQ ID NO: 5 and its homologs from other organisms , wherein 
mutations comprise substitutions, additions, deletions, inver- • 
sions or insertions of one or more nucleotide residues. This may 
also lead to a modification of the corresponding amino acid se-- 
Quence of the PKS ty substitution, insertion or deletion of one 
or more amino acids. * * 

Thus, the scope of the present invention also extends to, for ex- 
ample, those nucleotide sequences which are obtained by modifica- 
tion of the nucleic acid sequence of the selection marker de- 
scribed by SEQ ID N0:1 or by SEQ ID NO:2 or SEQ ID N0:3, SEQ ID 
NO:4, SEQ ID NO:5 respectively. The purpose of such a modifica- 
20 ^^^^ example, the insertion of further cleavage sites 

for restriction enzymes, the removal of excess mn, or the addi- 
tion of further sequences. Said nucleic acid sequences should 
still maintain the desired function as marker for targeted trans- 
formation, despite the deviating nucleic acid sequence. 

25 

The term identity" or homology" between two nucleic acid se- 
quences or polypeptide sequences is defined by the identity of 
the nucleic acid sequence/polypeptide sequeigtce by in each, case 
the entire sequence length, which is calculated by alignment with 
30 the aid of the program algorithm GAP (Wisconsin Package Version 
10.0, University of Wisconsin, Genetics Computer Group (GCG) , 
Madison, USA) , setting the following parameters: 



35 



40 



Gap ■ Weight : 8 Length Weight : 4 * 

Average Match; 2 ,912 Average Mismatch: -2, 003 

The term homology if used herein is the same as the term iden- 
tity. 



•Functional equivalents thus encompass naturally occurring vari- 
ants of the sequences described herein, and also artificial, for 
example chemically synthesized, nucleic acid sequences adapted to 
45 codon usage, or the amino acid sequences derived therefrom- 
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Moreover, SEQ ID N0:1, SEQ ID N0:2, SEQ ID N0:3, SEQ ID NO:4 or 
SEQ ID NO: 5, nucleic acid sequences derived from the amino acid 
sequence SEQ ID NO: 6 by back translation or parts of the afore- 
mentioned nucleic acid sequences can be used for the detection 
5 and isolation of functional equivalents of from other f\mgi on 
the basis of sequence identities. In this context, part or all of 
the sequence of the SEQ ID n6:1, SEQ ID NO: 2/ SEQ ID NO: 3, SEQ ID 
MO: 4 or SEQ ID NO: 5 or nucleic acid sequences derived from the 
amino acid sequence SEQ ID NO: 6 by back translation can be used 

10 as probe {e.g. hybridization probe) for screening in a genomic 
library or a cDNA library of the fungal species in question or in 
a computer search for sequences of functional equivalents in 
electronic databases. Especially for computer search for se- 
quences of functional equivalents in electronic databases^ the 

15 amino acid sequence SEQ ID NO: 6 or parts of the amino acid se- 
c[uence SEQ ID NO: 6 are usefull. 

For the preparation of hybridization probes, SEQ ID N0:1, SEQ ID 
N0:2, SEQ ID NO:3, SEQ ID N0:4 or SEQ ID NO:S or parts of the 

20 aforementioned nucleic acid sequences can be used* The prepara- 
tion of these probes and the experimental procedure . are known. 
For example^ this can be effected via the tailor-made preparation 
of radioactive or nonradioactive probes by means of PGR and the 
use of suitably labeled oligonucleotides, followed by hybridiza- 

25 tion experiments . The technologies required, for this purpose are 
given, for example, in T. Maniatis, E.F. Fritsch and J*. Sambrook, 
"Molecular Cloning: A Laboratory Manual'', Cold Spring Harbor Lab- 
oratory. Cold Spring. Harbor, NY (1989). The probes in .question 
can fiirthermore be modified by standard technology (lit. SDM or* 

30 random mutagenesis) in such a way that they can be employed for 
other purposes, for example as probe which hybridizes . specifi- 
cally with mRNA and the corresponding coding sequences in order 
to analyze the corresponding sequences in other organisms. 

35 Furthermore, the cDNA could be used to engineer recombinant mi- 
croorganisms to produce polyketide agents of pharmaceutical or 
agricultural interest as described by Pfeifer et al. (Pfeifer 



2;291 (5509) : 1790-2) . Thus, the present invention also comprises 
40 polypeptides with the biological acitivity of a polyketide syn- 
thetase encoded by an nucleic acid sequence comprising 
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i. 



a nucleic acid sequence shown in SEQ ID NO: 5 or 



45 
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'ii. a nucleic acid sequecice which, owing to the degeneracy of 
the genetic codei can be deduced £roxn the amino acid se- 
quence shown in SEQ ID NO; 6 by back translation; or 

5 iii, nucleic acid sequence which is encoded by a functional ana- 
logoue of an amino acid sequence that has at least an iden- 
tity of 50% with the SEQ ID NO: 6. 

The term Afunctional analogues" describes nucleic acid sequences 
10 vSiich are capable of bringing about the expression, in a filamen- 
tous fungi, of a polypeptide with the biological activity of 
polyketide* synthetase and which can be decuded from an amino acid 
sequence by back translation which has a deflened degree of iden- 
• tity with SEQ ID NO: 6. The functional alalogues set forth in iii) 
15 liave at least an identity of 50%, '51%, 52%, 53%, 54%, 55%, 56%, 
57%, 58%, 59%, 60%, 61%, 62%, 63%, 64% or 65% or preferred of 
66%. 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78% 
or 79% more preferred of 80%, 81%, 82%, 83%, 84%, 85%,- 86%, 87%, 
88%, 89% or 90% laost preferred of 91%, 92%, 93%, 94%, 95%, 96%, 
20 97%, 98% or 99% with the SEQ IDNO:^- 



Thus, the present invention also encompasses, for example, those 
nucleotide sequences which are obtained by modification of the 
abovCTientioned nucleic acid sequences. For example, such modifi- 

25 cations can be generated by techniques with which the skilled 
worker is familiar, such as ''site directed mutagenesis'', "error 
prone PGR'', "DNA shuffling" (Nature 370, 1994, pp. 389-391) or 
"staggered extension process" (Nature Biotechnol. 16., 1998, 
pp. 258-261) . The purpose of such a modification can be, for exam- 

30 pie, the insertion of further cleavage sites for restriction en- 
zymes, the removal of DNA in order to truncate the sequence, the 
substitution of nucleotides in order to optimize the codons, or 
the addition of further sequences. Proteins which are encoded via 
modified nucleic acid sequences must retain the desired functions 

35 despite a deviating nucleic acid sequence. 

Functional analogues thus comprise naturally occuring variants of 
the herein-described sequences and artificial nucleic acid se- 
quences, for example those which have been obtained by chemical 
40 synthesis and which are adapted to the codon usage, and also the 
amino acid sequences derived from them. 



As explained above, also the expression cassette or the vector 
comprising a PKS encoding nucleic acid sequence may comprise at 
45 least an additional selection marker, preferably the hygromycin 
resistance gene so that in a particular preferred embodiment, the 
selection of the succesfuliy transformed filamentous fungi can be 
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carried out t>y hygromycin reBistance of sucessfully transformed 
clones and by the presence of pigment (colour) of sucessfully 
transformed clones. Most preferably, the vector comprising the 
PKS encoding nucleic acid sequence is a vector according to the 
5 invention comprising a PKS encoding nucleic acid sequence. In 
addition to the aforementioned selection methods homologous re- 
combination can be confirmed by PCR based on oligonucleotides 
preferably derived from the vector sequence flanking the 5 and 3 
region of the gene to be inserted. Specific examples of these 
10 primers are given in the examples. 

• The invention furthermore relates to the use of polyketide syn- 
thetase encoding nucleic acid sequences as marker for targeted 
•transformation in filamentous fungi. 

15 

* Preferably, the present invention comprises the use of a nucleic 
acid sequence comprising 

a) a nucleic acid sequence encoding a polyketide synthetase; or. 

20 

b) parts of the nucleic acid sequence as defined in i-, ii. or 
iii. consisting of at least 300bp 

for transformation of filamentous fungi- 

25 

Preferred is the use of a nucleic acid sequence as marker for 
targeted transformation in filamentous fungi said nucleic acid 
comprising . . , _ . 

30 i. a nucleic acid sequence shown in SEQ ID NO:l or SEQ ID NO:2; 
or 

ii. parts of the nucleic acid sequence as defined in i. consist- 
ing of . cit least 300bp, preferably at least 400bp, more pre- 

35 ferably at least 450bp, most preferably at least 500bp; 

Equally preferred is the use of a nucleic acid sequence as marker 
for targeted transformation in filamentous fungi said nucleic 
acid coi^prising 

40 

iii. a nucleic acid sequence shown in SEQ ID NO:3, SEQ ID NO: 4 or 
SEQ ID NO; 5; or 

iv. a nucleic acid sequence which, owing to the degeneracy of 
45 the genetic code, can be deduced from the amino acid se- 
quence shown in SEQ ID NO: 6 by back- translation; or 
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V. a functional equivalent of the nucleic acid sequence set 
forth, in 1) or iii) which is encoded by an amino acid se- 
quence that has at least an identity of 40% with the SEQ XD 
WO : 6 ; or 

5 

vi. a nucleic acid sequence shown in SEQ ID N0:.9 or SEQ ID NO: 
11; 

vii* a nucleic acid sequence which, owing to the degeneracy of 
10 the g-enetic code, can be deduced from the amino acid se- 

quence shown in SEQ ID NO: 10, SEQ ID NO: 12 or SEQ ID NO: 13 
by back trartelation; or • 

viii. parts o£ the nucleic .acid sequence as defined in iii./ iv, 
15 v., vi or vii. consisting of at least 300bp, preferably at 

least 400bp/ more preferably at least 450bp, most preferably 
at least SOObp; or 



ix. parts of the nucleic acid seqxience as defined in iii^, iv, 
20 v., vi or vii. consisting of at least 300bp, preferably at 

least 400bp, more preferably at least 450bp« most preferably 
at least SOObp comprising 



25 



a) a nucleic acid sequence shown in SEQ XD N0:7; or 

b) a nucleic acid sequence which, owing to the degeneracy of 
the genetic code, can be deduced from the amino acid se^- 
quence shown in SEQ ID NO: 8 by back translation; or. 

30 c) a functional equivalent of a nucleic acid sequence set 

forth in a) which is encoded by an amino acid sec^ience 
that has at least an identity of 68% with the SEQ ID 
NO: 8. 



35 The nucleic acid sequences according to i» to ix encode for a po- 
lypeptid with the biological function of a polyketide synthetase 
or for a fragment of the aforementioned polypeptide. 

Under the aforementioned sequences, the nucleic acid seq[uences 
40 according to i • , ii., iii., iv. , v. as well as parts of the 
aforementioned nucleic acid sequence consisting of at least 
300bp, preferably at least 400bp, more preferably at least 450bp, 
most preferably at least SOObp are preferred. Those part? are 
preferably those set forth in ix. 

45 
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Preferred phytopathogenic and non-phytopathogenic filamentous 
fungi are those mentioned above. The aforementioned nucleic acid 
sequences are hereinbelow also termed ^PKS-marker" • Preferably, 
the term ^PKS-marker'' designates nucleic acid sequences according 
5 to iw ii-/ iiiw iv. , v. as well as parts of the aforementioned 
nucleic acid sequence consisting of at least 300bp# preferably at 
least 400bp, more preferably at least 450bp, most preferably at 
least SOObp are preferred. 

10 The functional equivalents of the nucleic acid sequence set forth 
in iv. can be deduced from a functional equivalent of the amino 
acid sequence shown in SEQ ID NO: 6 by back translation having at 
least an identity of 40%, 41%,, 42%, 43%, 44%, 45%, 46%, 47%, 48% 
or 49% preferred of 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%., 

15 59%, 60%. 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 
72%, 73%, 74%, 75%, 76%, 77%, 78% or 79% more preferred of 80%, 
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89% or 90% most preferred 
of 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98% or 99% with the SEQ ID 
110:6: 

20 . 

The fvmctional equivalents of the nucleic acid sequence set forth 
in ix,c) can be deduced from a functional equivalent of the amino 
acid sequence shown in SEQ ID NO: 8 by back translation having at 
least an identity of 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 
25 77% or 78% preferred of 79%, 80%, 81%, 82%, 83%, 84% or 85% more 
preferred of 86%, 87%, 88%, 89% or 90% most preferred of 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% with the SEQ ID N0:8, 

The use PKS marker for targeted transformation of filamentous 
30 f\ingi can be based on significant reduction in the amount polyke- 
tide synthetase, which is present in a filamentous fungi. A re- 
duction in the amount the polyketide synthetase means that the 
amount of polypeptide is reduced via recombinant methods, Pref- 
ferred is a reduction of at least 30%, more preferred. of at least 
35 50%, most preferred by at least 50%, up to 100% reduction (block- 
ing) relative to the amount of polyketide synthethase present in 
the respective wild- type. 

Reduction via recombinant methods can involve "antisense tech- 
40 niques'', which describes a technology for the suppression (reduc- 
tion) of eacpression of polyketide synthetase, where a PKS-marker 
is transformed into the respective filamentous fungi in "anti- 
sense" orientation under the control of a suitable promoter. This 
method is used preferably for Aspergillus species, more prefer- 
45 rably for Aspergillus nidulans. The technologies required here- 
fore are well known by the skilled artisan (for example see Bau- 
tista et al., Appl. Environ. Microbiol, 2000; 66(10) 4579-81). 
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Suitable vector.5 therefore con^rise an expression cassette com- 
prising 

1, An expression cassette comprising 

5 

a) a promoter sequence in functional linkage with a PKS- 
marker in antl sense orientation; and optionally 

b) further genetic control sequences in functionally linked 
with a nucleic acid sequence according to a) . 

The afore-mentioned expression cassette is herelnbelov termed as 
"^PKS-Marker- express ion cassette" • 

15 The term expression cassette" can be defined as follows: An ex- 
pression cassette comprises a nucleic acid sequence, which should 
be expressed, linked functionally to at least one genetic control 
element, such as a promoter, and. advantageously, a further con- 
trol element, such as a terminator. Examples of suitable promo- 

20 tors and terminators are given above. The nucleic acid sequence 
of the expression casette can be, for example, a genomic or com- 
plementary DNA sequence or an RNA sequence, and the semisynthetic 
or fully synthetic analogs thereof. These sequences can exist in 
linear or circular form, extrachromosomally or integrated into 

25 the genome. The nucleic acid sequences in question can be synthe- 
sized or obtained naturally or comprise a mixture of synthetic 
and natural DNA conqponents, and consist of a variety of heterolo- 
gous gene segments from various organisms. 

30 Artificial nucleic acid sequences are also suitable in this con- 
text as long as they make possible the expression, in a cell or 
organism, of a polypeptide encoded by a nucleic acid sequence ac-. 
cording to the invention and having the biological activity of a 
polyketide synthetase. For example, synthetic nucleotide se- 

35 quences can be generated which have been optimized with regard to 
the codon usage of the organisms to be transformed. . 

All of the abovementioned nucleotide sequences can be generated, 
from the nucleotide units by chemical synthesis in the manner 

40 known per se, for example by fragment condensation of individual, 
overlapping coir^lementary nucleotide units o£ the double helix. 
Oligonucleotides can be synthesized chemically for exair^jle in the 
manner known per se using the phosphoamidite method (Voet, Voet, 
2nd Edition, Wiley Press New York, pp. 896-897). When preparing' 

45 an expression cassette, various DNA fragments can be manipulated 
in such a way that a nucleotide sequence with the correct direc- 
tion of reading and the correct reading frame is obtained. The 
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nucleic acid fragments are linked to each other via general clon- 
ing techniques as are described, for exanrple, in T. Maniatis, 
E.F. Fritsch and J. Sambrook, "Molecular Cloning: A Laboratory 
Manual", Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
5 (1989) and in T.J. Silhavy, M.L. Berman and 1..W. Enquist, Experi- 
ments with Gene Fusions, Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY (1984) and in Ausubel, F.M. et al., "Current 
Protocols in Molecular Biology", Greene Publishing Assoc. and 
Wiley-Interscience (1994). 

10 

The term -genetic control element" describes sequences which have 
an effect on the transcription and, if 'appropriate, translation 
of the nucleic acids according to the invention in prokaryotic or 
eukaryotic organisms. Examples are terminators. Examples of suit- 

15 able terminators are given above. In addition to the af ore-men- 
tioned control sequences, or instead o£ these sequences, the nat- 
ural regulation of these sequences may still be present before 
the actual structural genes and may, if appropriate, have been 
modified genetically in such a way that the natural regulation 

20 has been switched off and the expression of the target gene has 
been modified, that is to say increased or reduced. The choice of 
the control sequence depends on the host organism or starting 
organism. Genetic control sequences furthermore also contprise the 
5 ' -untranslated region, introns or the noneoding 3' region of 

25 genes- Control sequences are furthermore' understood as meaning 
those which make possible a homologous recombination or insertion 
into the genome of a host organism or which permit the removal 
from the genome. Genetic control sequences also coitvpfise further 
promoters, promoter elements or minimal promoters - 



30 



The transcription of the PKS marker leads to suppression of the 
transcription of the natural polyketide synnthethase gene, which 
can be detected by loss of colour of the transformed fungi rela- 
tive to the respective wild-type strain. 



35 



In a preferred embodiment, the reduction via recombinant methods 
is based on a gene knock out of the polyketide synthethase gene 
using either an expression cassette additionally comprising the 
PKS-marker or a vector comprising the PKS marker in the respec- 
40 tive filamentous fungi. Disruption of the PKS marker will lead to 
a loss of colour. 

Preferred phytopathogenic filamentous fungi are those mentioned 
above. Preferred non-phytopathogenic filamentous fungi are fungi 
*5 of group consisting of the genera Aspergillus such as Aspergillus 
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parasiticus, Aspergillus nidulans and Wagiella such as Wangiella 
derma tidis* 

In this connection, the selection of the functional equivalent- 
5 for the use as marker gene depends on the fungi to be trans- 
formed. By preference, the polyketide synthetase fragment has an 
identity of at least 80%, by preference at least 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, especially preferably at least 
91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99% identity with the 
10 polyketide synthetase of the fungi to be transformed. 

Foi" example, for tranSfoimiation of Fusarinim graminearum, a nu- 
cleic acid sequence can be selected comprising a nucleic acid se- 
quence comprising 

15 

i. a nucleic acid sequence shown in SEQ ID NOsl, SEQ ID NO: 2, 
SEQ ID NO; 3, SEQ ID NO; 4 or SEQ ID NO; 5; or 



20 



ii. a nucleic acid sequence that has at least an identity of 80% 
SEQ ID N0:1, SEQ ID N0:2, SEQ ID N0:3, SEQ ID N0:4 or SEQ ID 
NO : 5 ; or 



iii. parts of the nucleic acid sequence as defined in i. or ii. 
consisting of at least 300bp, preferably at least 400bp, 

25 more preferably at least 450bp, most preferably at least 

500bp. 

iv. parts of the nucleic acid sequence as defined in i. or ii. 
consisting of at least 300i>p, preferably at least 400bp^ 

30 • more preferably at least 450bp, most preferably at least 
500bp comprising 

a) a nucleic acid sequence shown in SEQ ID NO: 7; or 

3^ ^) a nucleic acid sequence that has at least an identity of 

80% with the SEQ ID NO; 8. 

As mentioned above, another embodiment of the present invention 
^ are plasmid vectors for targeted transformation of filamentous 

40 fungi comprising a PKS-marker. These plasmid vectors are either 
vectors currently used for targeted transformation of filamentous 
fungi e-g. such' as pAN7 {Punt et al, 1987 Gene 36:117-124) and 
other vectors chat atB well known by the skilled artisan or plas- 
mid vectors according to the invention, preferably plasmid vec- 

45 tors according to the* invention. 
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All of the aLbove-mentioned vectors coii5>rising the PKS marker are 
hereinbelow termed as •PKS-vectors' . 

A PKS-vector is also a vector. v*iich comprises a PKS-Marker-ex- 
5 press ion cassette. 

All vectors according to the invention not comprising the PKS 
marker are hereinhelow termed as "non-PKS-vectors" . 

10 The present invention fxirthermore encoirpasses a method for pre- 
paring anitated filamentous fungi, comprising the steps of trans- 
ferz-ing a non-PKS vector or a PKS-vector into a filamentous fun- 
gi; and selecting clones of said filamentous fungi, which . contain 
at least one genetic marker introduced by said plasnvid vector. 

15 

The term filamentous fungi as well as preferred fungi for thxs 
purpose are those mentioned and defined above. 

In a preferred embodiment, the method for preparing mutated £il- 
20 amentous fungi, comprising the following steps 

a) transferring a PKS-vector into a filamentous fungi; and 

b) selecting successfully transformed filamentous fungi by the 
25 absence of colour (pigxnent) . 

AS explained above, the absence of colooir is based on significant 
reduction in the amount pplyketide synthetase (or in the polyke- 
' tide syntethase acitity or instability of polyketide syntethase 
30 mRNA, which is present in a filamentous fungi. The absence of 
clour can be monitored for example by comparing the transformed 
fungi with the respective wild-type fungi of the same species. 

If a PKS-vector is transferred into a filamentous fungi, the dis- 
35 ruption of the PKS gene leads to a loss of colour Jpigment) 
whereby the degree of transformation can be determined easily - 
Resulting trans formants are white in contrast to the colored 
wild- type. Thus, the selection according to step b) is done by 
monitoring the absence of melanin in the filamentous fungi. In a 
40 preferred embodiment, the absence of pigment is monitored by Op- 
tical means- 

Alternatively, the absence of colour results from the reduction 
of the polyketide synthethase via antisense techniques . the ab- 
45 sence of colour hereby means a ^reduction of colour- or, prefer- 
ably, loss of colour. Absence of colour means, a reduction in 
colour of at least 20%, preferably between 20 and 40%, by prefer- 
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ence between 40 and 60%^ more preferaby between 60 and 80%^ most 
preferred between 80% and 100%. 

In a more preferred embodiment, the PKS-vector comprises at least 
5 an additional selection marker, preferably the hygromycin resist- 
ance gene. In a particul€ir preferred embodiment, the selection of 
the succesfully transformed filamentous fimgi comprising a PKS- 
vector can be carried out by hygromycin resistance of sxicessfully 
transformed clones and by the absence of pigment of sucessfully 
10 transformed clones. Most preferably, the PKS-vector is a vector 
according to the* invention additionally coinprising .a PKS-marker. 

In a further embodiment of the invention, the selection of the 
succesfully transformed filamentous fungi comprising a non-PKS- 
15 vector can be carried out by hygroirvycin resistance of sucessfully 
transformed clones. 

If a non-PKS-vector is used, the vector is linearized by a re-- 
striction enzyme cutting in the nucleic acid sequence region of 

20 element d) . Also nucleic acid sequences exceeding 2000 bp can be 
used what can be disadvantageous as mentioned above. If a PKS- 
vector is used, the plasmid vector is transferred into a filamen- 
tous fungi with the proviso said vector beeing linearized by a 
restriction enzyme in PKS-marker nucleic acid sequence. Con- 

25 trarily to the non-PKS-vectors, the nucleic acid sequence to be 
expressed recombinantly can also be smaller than 400bp. 

In addition to the aforementioned selection methods set. forth in. 
step a) to c) , homologous recombination can be confirmed by PGR 
30 based on oligonucleotides preferably derived from the vector se- 
quence flanking the 5 and 3 region of the gene to be inserted 
Specific exan^les of these primers are given in the examples. 



The plasmid vector may be transferred into the filamentous fungi 
to be transformed by methods familiar to the skilled worker, pre- 
ferably via protoplast preparation with driselase or driselase 
and glucanase as lytic enzycne. 

The above-mentioned transformation methods can be also realized 
in a high throughput screening. Using high throughput screening, 
many different clones are obtained in parallel so that large num- 
bers of sucessfully tranformed clones of filamentous fungi can be 
quickly screened. 

The term filamentous fungi as well as preferred fungi for this 
purpogie are those mentioned and defined above. 
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Due to the convenience of the vector, the above-mentioned KO- 
plasmid preparation, fungi transfortnation and screening o£ the 
mutants can be at least partially automated so that the whole 
procedure can also be realized in a high throughput screening. 
5 Using high throughput system for example for KO-plasmid prepara- 
tion and DNA amplification by PCH to screen the recombinant mu- 
tants , many different clones are obtained in parallel so that 
large numbers of sucessfully tranformed clones can be quickly 
screened « 

10 

Mutagenized filamentous fungi, obtainable according to a method 
mentioned above ^ are further encompassed' by the present inven- 
tion. 

15 In an alternative embodiment « the method of transforming filamen- 
tous fungi' based on the use of polyketide synthetase as marker 
for transformation comprises the following steps: 

a) providing a filamentous fungi characterized by the absence of 
20 colour (pigment) , in which the polyketide synthetase gene is 

modified such that the polyketide synthetase cannot be func- 
tionally expressed; 

b) transforming the filamentous fungi of step a) with a ""sense 
25 egression cassette'' or a vector comprising the afoz-emen- 

tioned esqpression cassette; 

c) selecting, successfully transformed filamentous fungi by the 
presence of pigment (colour) , 

30 

The nucleic acid sequence as defined in b) i to v. is herein be- 
low teioned as PKS encoding sequence. 

The terms ^escpression cassette" and "genetic control elements" 
35 are explained above. 

The **sense-expression cassette" set forth in step b) of the 
above-mentioned method comprises 

40 a) a promotor sequence in functional linkage with a nucleic acid 
sequence comprising 

i. a nucleic acid sequence shown in SEQ ID NO: 3/ 4 or S; or 



45 
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11. a nucleic acid sequence which, cwing to the degeneracy of 
the genetic code, can be deduced £rom the amino acid se- 
quence shown in SEQ ID NO: 6 by back translation; or 

5 ill. a functional e<jaivalent .of the .nucleic acid sequence set 

forth in i) which is encoded by an amino acid sequence 
shown in SEQ ID NO: 6 that has at least an identity of 40%. 
, with the SEQ ID NO: 6; or 

10 iv. a nucleic acid sequence shown in SEQ id NO: 9 or SEQ XD 

NO: 11; • • 

V. a nucleic acid sequence which, owing to the degeneracy of 
the genetic code, can be deduced from the amino acid se- 
15 quence shown in SEQ ID NO: 10, SEQ ID NO: 12 or SEQ ID 

NO; 13 by back translation; 



and optionally 

20 b) further genetic control sequences in functionally linked with 
a nucleic acid sequence according to a) . 

The expression cassette or vector coinprises preferably a polyke- 
tide synthetase encoding nucleic acid sequence as set forth in b) 
25 1. / 11* or iii • . 

Preferred phytopathogenic filamentous fungi are those mentioned 
above. Preferred noxi-phytopathogenic filamentous fungi are fungi 
of group consisting of the genera Aspergillus such as Aspergillus 
30 parasiticus, Aspergillus nidulans and Wagiella such as Wangiella 
dermatidis. 

The modification of the polyketide synthetase encoding sequence 
of the respective fungi can be done either by introduction of at 
3S least one mutation in the gene encoding a polyketide synthetase 
or disruption of the gene encoding a polyketide synthetase. 

The term **disr\aptlon of the PKS marker* means that the PKS marker 
sequence is disrupted by introducing DNA comprising stop-codons 
40 in the PKS marker sequence e.g. by homologous recombination. The 
respective methods are well known by the skilled artisan. 

The term "wiutations"- of nucleic acid sequences coaqprises sub- 
stitutions, additions, deletions, inversions or insertions of one 
45 or more nucleotide residues, which have to bring about termina- 
. tion of translation of the corresponding amino acid sequence of 
the target protein by the substitution, insertion or deletion of 
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one or more amino acids (e.g. a by frame-shift or introduction of 
stop codoTi or amendment of nucleic acid sequence) , The respective 
methods are well known by t±ie skilled artisan. 

5 For example, the mutations are carried out in the flanking re- 
gions of exon and intron of a PKS gene- These regions can be de- 
termined easily by the skilled artisan. For example, in SEQ ID 
NO: 3 the flanking regions between exon are at bp 1022/1023; bp 
1067/1068, bp 1361/1362; bp 1067/1068; bp 1361/1362; bp 1067/1068 
10 ; bp 1361/1362; hp 1416/14X7; bp 2399/2400; bp 2447/2448; bp 
2675/2676; bp 2738/2739; bp 5744/574S; bP 5792/5793; and/or bp 
7205/7206 (Ende 6. exon bp 7205) . • 

The term Afunctional analogues is defined above describe, in the 
15 presence context nucleic acid sequences which are capable of 

bringing about the expression, in a filamentous fungi, of a poly- 
• peptide with the biological activity of polyketide synthetase and 
which can be decuded from an amino acid sequence by back transla- 
tion which has at least an identity of 40%, 41%, 42%,. 43%, 44%, 
20 45%, 46%, 47%, 48% or 49% preferred of 50%, 51%, 52%, 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, .64%, 65%, 66%, 67%, 
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78% or 79% more 
preferred of 80%, 81%, 82%, 83%., 84%, 85%, 86%, 87%, 88%, 89% or 
90% most preferred of 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 
25 99% with the SEQ ID NO: 6. 

As explained above, the plasmid vector may be transferred into 
the filamentous fungi to be transformed by methods familiar to 
the skilled worker, preferably via protoplast preparation with 
driselase or driselase and glucanase as lytic enzyme. 

The above-mentioned transformation methods can be also realized 
in a high throughput screening- Using high throughput screening, 
many different clones are obtained in parallel so that large num- 
bers of sucessfully tranformed clones of filamentous fungi can be 
q[uickly screened- 

The invention is now illustrated by the examples which follow, 
^« but not limited thereto. 

Examples 

The recombinant methods on which the exemplary embodiments which 
follow are based are now described briefly: 



10 
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A: General methods 

Cloning methods such as, for example, restriction cleavages, DNA 
isolation, agarose gel electrophoresis, purification of DNA frag- 
ments, transfer of nucleic acids to nitrocellulose and nylon mem- 
branes, linking of DNA fragments, transformation of e. eoli 
cells, bacterial cultures, secpience analysis of recombinant DNA 
and Southern and Western Blots were carried out as described by 
Sambrook et al.. Cold Spring Harbor Laboratory Press (1989) and 
Ausubel, P.M. et al.. Current Protocols in Molecular Biology, 
Greene Publishing Assoc. .and Wiley-Inferscience (1994); ISBN 
0-87969-309-6. • . <* 

The bacterial strains used hereinbelow (E. coli DH5 or XLl blue) 
were obtained from Life Technologies or Stratagene . The vector 
were used for cloning. DSM:4527 can be used as P. Graminearum 
wild-type strain 8/1. Restriction maps of the vectors pUCmini-Hyg 
and PUCmini-Hyg TA are given in Pig 1 and 2. 

20 

B: Sequence analysis of recombinant DNA (please check, wether 
this is the method of choice) 

Recombinant DNA molecules were sequenced using an ABI laser fluo- 
25 rescence DNA sequencer following the method of Sanger (Sanger et 
al., Proc. Natl. Acad. Sci. USA, 74, 5463-5467(1977)). Fragments 
resulting from a polymerase chain reaction were sequenced and 
verified in order to avoid polymerase errors in constructs to be 
es^pressed. 

30 

C: Materials used 

Unless otherwise specified in the text, all of the chemicals used 
were obtained in analytical grade quality from Fluka (Neu-Ulm) , 
Merck (Darmstadt) , Roth (Karlsruhe) , Serva (Heidelberg) and Sigma 
(Deisenhofen) . Solutions were prepared using pvire pyrogen-free 
water, referred to in the following text as H2O, from a Milli-Q 
water system purification unit (Millipore, Eschbom) . Restriction 
enzymes, DNA-modifying enzymes and molecular-biological kits were 
obtained from AGS (Heidelberg) , Amersham (Brunswick) , Biometra 
(GSttingen) , Roche (Mannheim) , Genomed (Bad Oeynnhausen) , New En- 
gland Biolabs (Schwalbach/Taunus) , Novagen (Madison, Wisconsin, 
USA) , Perkin-Elmer (Weiterstadt) , Pharmacia (Freiburg) , Qiagen 
(Hilden)-and Stratagene (Heidelberg). Unless otherwise specified, 
they were used following the manufacturer's instructions- 
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All of the media and buffers used for the genetic engineering ex- 
periments were sterilized either by filter sterilization or by- 
heating in the autoclave- 

5 In degenerated primer sequences, the following abbreviations are 
used: 

A or T = **W-; 

G or C * ^*s"; 

T or C » "Y"; 

10 A or C = '^M" ; 

A or G « '•R"; 

Examples 

15 Example 1 - Construction of pUCmini-Hyg and PUCmini-Hyg TA vector 

A 2536 bp DNA fragment corresponding to the promoter of glyc- 
erol-3-phosphate dehydrogenase (GPDl) from Cochliobolus hetero^ 
trophus associated to the hygromycine B resistance gene from 
20 Escherichia coli was an^lified by PCR with the oligonucleotides 

Pi 5^ atgaagcttggggtttgagggccaatggaacgaaactagtgtaccacttgacc 3' 
(SEQ ID NO 14) ; and 

25 P2 5 ^ gacagatctggcgccattcgccattcag 3^ (SEQ ID NO 15) 

using pGUSS as. template (Monke, E. and Schafer^ W., 1993, Mol- 
Gen. Genet. 241: 73-80). The PCR is done using standard proto-. 
cols; e-g. as described in Mania tls et al./ Mol. Cloning. 

30 

The resulting DNA fragment was inserted in the plasmid pFDX3809 
(WO 01/38504) by the restriction site Hind 111 and Bgl II 
introduced by the oligonucleotides PI and P2. The resulting plas- 
mid pHygB serves as template for a further PCR, wherein the Oli- 
35 gonucleo tides 

ANK 518 5' ggaatcggtcaatacactac 3* (SEQ ID NO 16) 

ANK 519 5' tgtagatctctattcctttgccctcggacgagt 3* (SEQ ID NO 17) 

are used to shorten the hygroinycin B resistance gene specifi- 
cally. The resulting PCR fragment comprising 575 bp of the 3 'end 
of the hygromycine gene was inserted in the plasmid pHygB via the 
restriction sites Nde 1/ Bgl II generating the plasmid pHygB-NOS» 

45 
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A Hind III / ssp I UNA fragment of 2019 bp containing the expres- 
sion cassette GPDl promoter, the hygromycine B resistance gene 
and the nopal ine synthase terminator was isolated from pHygB-NOS 
and inserted in the pUCmini plasmid (= plasmid pFDX3809, see WO 
5 01/38509) previously treated with EcoRl and Hindlll restriction 
enzymes to give the plasmid pUCmini-Hyg; to do so , the EcoRI 
ends were was made compatible with Ssp I by a fill-in treatment 
using the Klenow fragment of DNA polymerase i. a second version 
of pUCmini-Hyg, called pUQnini-Hyg-TA, was obtained by the inser- 
10 tion of the following adaptor in the Notl/AscI restriction sites 
of pOCmini-Hyg: 

5» GGCCGCCACGGATATCTTGGCCAAAGAATTCCTGG 3» (SEQ ID NO 18) 

15 3' CGGTGCCTATAQAACCGGTTTCTTAAGGACCGCGC 5» (SEQ ID NO 19) 

The adaptor contains 2 Xcml restriction sites so that Xcml digest 
of pUCmini-Hyg-TA creates T-overhangs that permits direct cloning 
of PGR products made with the classical Ta«j-polymerases . 

20 

Example 2 - Conistruction of the PKS coniprising vector «pUCmini- 
Hyg-PKS" 



The nucleic acid sequence encoding PKS was amplified hy PGR with 
25 degenerated primers 

LCI 5 '-GAY CCI MGI TTY TTY AAY ATG-S ' (SEQ ID NO 20) 

LC2c 5'-GTI CCI GTI CCR TGC AITf TC-3 ' (SEQ ID NO 21) 

30 

based on the conserved amino acid sequence of the PKS gene se- 
quences from Aspergillus nidulans, Colletotrichum lagenarium, Pe- 
nicillixm patulum, and Aspergillus parasiticus (Bingle et al . , 
1999) using genomic DNA of Fusarium graminearum as template. 

35 Thermal cycling parameters consisted of an initial denaturation 
at 94«C for 3 min followed by 34 cycles of 94«C for 1 min (dena- 
turation) , SB^C for 1 min (annealing). 72»C for 3 min (extension) 
and a final extension at 72oc for 10. min according to standard 
procedures. The resulting PGR product was cloned into the pGEM-T 

40 vector (Promega, Mannheim, Germany) to give the plasmid pGEM-' 
T/PKS833 and sequenced. A 633 bp DNA fragment (223Sbp to 2870hp 
of SEQ ID N0:1; corresponding to 2234bp to 2865bp of SEQ ID NO:3; 
set forth in SEQ ID NO; 18) was amplified by PGR using the oligo- 
nucleotides 

45 

ANK593 5' ATAAGAATGCGGCCGCAATGGCCCTCGAAACAGC 3' (SEQ ID NO 22) 
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ANK594 5» AAATGGCGCGCCGCGCCCAG&ATGACACC 3' (SEQ ID WO 23) 

and cloned into the plasndd puCmini-Hyg using the restriction 
site NotI and AscI present in the oligonucleotide sequences. "Hxe 
5 resulting plasmid pUCmini-Hyg-PKS is used for homologous recom- 
bination . 

The flanking regions of the PKS DNA fragment were obtained by in- 
verse PGR {Triglia T, Peterson MG, Kemp DJ, Nucleic Acids Res 
10 1988 Aug 25;16 (16) :8186) . Genomic DMA was treated with the re- 
striction enzymes PstI, Ncol, or Xhol respectively. DNA was then 
self-ligated to get circular DNA molecule. The latter was used as 
tea\plate for the inverse PGR reaction using the primers 

15 PI A: 5' T6CCACCTGTAGTCTGCAATCAG 3 '(SEQ ID NO 24) and 

P2A;5' TGACTAACCCTGACAACTTCGCTG 3' (SEQ ID MO 25) 

deduced from the polyketide synthetase (PKS) DNA fragment of the 
20 plasmid p6EM-T/PKS833 described above. 

In a second step, the PGR product was reainplified with the nested 
primers 

25 P1B:5' CCAGGATCCGACTGCTCAG 3' (SEQ ID NO 26) and 
P2B»5' CTACATCGAGATGCACQGCAC 3' (SEQ ID NO 27) 



' (deduced from the PKS' DNA fragment of the plasmid pGEM-T/PKS833) 
30 , cloned into the pPCR-XL-TOPO vector (Invitrogen) and sequenced 
to get SEQ ID NO:l. 

Identification of the genomic DNA Sequence 

35 The remaining parts of the flanking regions were obtained by 

Tail-PCR (Liu YG, Whittier RF; Genomics 1995 Feb 10;25 (3) :674-81) 
using 9 arbitrory degenerated primers 

FJM-tail-ADl 5'-NGT CGA SWG ANA WGA A-3 ' (SEQ ID NO 28) , 

40 

PJM-tail-AD2 5'-GTN CGA SWC ANA WGT T-3 ' (SEQ ID NO 29), 

FJM-tail-AD3 5' -WGT QNA GWA NCA NAG A-3' (SEQ ID NO 30) , 

45 FJM-tail-AD4 5'-NTC GAS TWT SOW GTT-3 (SEQ ID NO 31)' 

FJM-tail-AD6 5 ' -TGW GNA GWA NCA SAG A-3' (SEQ ID NO 32) , 
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FJM-tail-AD7 



5'-AGW GNA GWA NCA WAG G-3 ' (SEQ ID NO 33) , 



FJTJa-tail--AD8 
5 and 



5'-CAW CGI CNG AIA SGA A-3 ' (SEQ ID NO 34) 



FJM-tail-ADS 



S'-TCS TIC GNA CIT WGG A-3 (SEQ ID NO 35) ' 



10 coupled to the primer 

TailPKSlc 5'-TTG TTA CTG GAG AGG TAA TGA AG-3*' (SEQ ID NO 36) 

specific for the 5' PKS flanking region deduced from SEQ ID NO:l, 
15 or coupled to the primer 

TailPKS2c 5' -TGA GAC AGA TCT CGC GA(5 CCC TC-3 ' (SEQ ID NO 37) 

specific for the 3' PKS flanking region deduced from SEQ ID NO:l 
20 . After subcloning and subsequent sequencing of the PGR products 
SEQ ID NO: 3 was obtained. 

Identification of the cDNA Sequence of Polyketide Synthetase 

25 The PKS CDNA sequence was obtained by RT-PCR with a cirude RNA 
preparation from fusarium graminearum and various primers de- 
duced firom the genomic sequence. This was done according the 
classicals methods (Austibel, F,Mi et al.. Current. Protocols in 
Molecular Biology, Greene Publishing Assoc.. and Wiley-Inter- 

30 science (1994); ISBN 0-87969-309-6), Alignement of cDNA and ge- 
nomic PKS sequences permits to identify precisely the location of 
' introns in the genomic sequence. 

Exainple 3 Transformation of graminearum 

35 

50 ml of CM-medium (Leach et al., 1982, Gen- Microbiol. 128: 
1719-1729) were inoculated with approximately lO^. conidia. and in- 
cubated for 2 days at 28°C, 140 rpm. Resulting hyphae were homoge- 
nized in a Warring-Blender; 200 ml CM were inoculated with 10 ml 

40 hyphal suspension, and incubated overnight at 24*^C. Mycel were 
trapped on a sterile filter, and washed two times with sterile 
water. 2 g of the hyphae were resuspended in 20 ml Driselase/Glu- 
canase (Interspex Products, San Maneo, USA; 5% / 3% in 700 mM 
NaCl, pH 3.6), and digested 2V4 to 3 h at 28°C, 75 rpm. Undigested 

45 hyphal were removed from* the protoplast suspension by filtration 
through gauze and Nybold membrane (50 \m pore size) , The proto- 
plast suspension were combined with 700 mM NaCl and again passed 
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through the gauze and the Nybold menbrane. The protoplasts were 
pelleted by centrifugation (1300 x g) in a swing-out Rotor and 
washed two times with ice-cold NaCl 700 mM and centrifuge (830 x 
g) . Then the protoplasts were resuspended in STC (0.8 M sorbitol, 
50 iriM Tris-HCl pH 8-0, 50 iriM CaCl2) and store on ice until trans- 
formation (maximal 1 week) • 



For transformation, protoplasts were resuspended in 4 parts STC 
and 1 part SPTC (0.8 M sorbitol, 40% polyethylene glycol 4000, 

10 50 mM Tris-HCl pH 8.0, 50 mM CaCl^) at a concentration of 0.5-2 x 
lOB/ml; 30 Jig of the pUCrmini-Hyg-PKS plasmid DNA linearized with 
the Fco47l±I restriction site inside the PKS fragment and 5 |il 
heparin (5 mg/ml in STC) were added to 100 ill of the protoplast 
suspension in 10 ml tubes. After mixing, samples were incubated 

15 on ice for 30 min. 1 ml SPTC was mixed to the suspension and in- 
cubated at room temperature for 20 min. Protoplasts were mixed 
gently into 200 ml regeneration medixna ( 0.1% (w/v yeast extract, 
0-1% (w/v, caseinhydrolysate, 34.2% (w/v) sucrose, 1.6% (w/v) 
granulated Agar) at 43''C and spread on a 94 mm plates (20 ml per 

20 plate). The plates were incubated at 28^C. After 12-24 h, the 
plates were overlaid with 10 ml per plate water based selective 
roedivim (16g/l granulated agar, lOOmg/1 Hygromycin and further in- 
cubated at 28**C until transf ormants were obtained, which were 
tranaferrqid to fresh CM-Hyg-plates (consisting of CM-media, 

25 100 fig/ml hygromycin and 2% (w/v) Agar. The transf ormants were 
isolated by single spore isolation. For generation of conidia, 
the transf ormants were cultivated on SNA plates {Nirenberg/ 1981, 
Canadian. J. Botany 59j 1S99-1609) under UVr-light 7-14 days at 18*C. 
Dilutions of conidia were plated on CM-Hyg plates, and single 

30 colonies were transferred from these plates to fresh CM-Hyg 
plates . 



Example 4 Southernblot analysis 



35 Genomic DNA was isolated from frozen hyphal material using the 
Puregene Genomic DNA Isolation Kit (Gentra Systems, Minneapolis 
USA) and digested for 6 h with Nrul restriction ensyme. The ge- 
nomic DNA was separated by electrophoresis on a 1% (w/v) agarose 
gel and blotted onto a nylon membrane (Hybond NX; Amersham Phar- 

40 macia Biotech, Buckinghamshire England) . A digoxigenin labeled 
probe was generated by PCR based on specific primers PKS forward 
5'-GCG CTT GAG ATG GCT AGT ATC G--3' and and PKS reverse 5'-6TG 
CCG TGC ATC TCG ATG TAG-3 ' using pGEM-T/PKS833 as teittplate and digox- 
igenin labeled dUTPs by PCR reaction according to the recommendation of 

45 Che manufacturer (Roche Diagnostics GmbH, Mannheim). PCR conditions 
were 94**C for 3 min (initial denaturation) followed by 30 cycles 
of 94^C for 30 sec (denaturation), SS^^C for 45 sec (annealing). 
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72*'C for 1 min (extension) and a final extension at 72*c for 10 
min. The non-radioactive hybridization- and the detection were 
done under highly stringent conditions as described in Roche Mo- 
lecular Biochemicale DIG Application Manual for Filter Hybridiza 
5 tion (Roche Diagnostics GmbH, Mannheim) . 

TO confirm the insertion of the vector construct into the PKS lo- 
cus in comparison with the wild type gene, primers 

10 EF-PKS 5' atgtctecaa,aggaagctgagc 3' (SEQ ID NO 38); and 

ER-PKS 5 ' tcgagtgatggatactgcttcg 3' (SEQ ID NO 39) • 

are constructed based on the PKS DNA sequence from the plasmid 
15 PGEM-T/PKS833; four universal primers are constructed, wherein 

Lac 92 5' cggctacactagaaggacagtatttggta 3* (SEQ ID NO 40) 

Lac 93 5' gtcaggcaactatggatgaacgaaatagac 3' (SEQ ID NO 41) 

20 

Lac 94 5' acccatctcataaataacgtcatgc 3' (SEQ ID NO 42); and 

•Lac 95 5* eaactctatcagagcttggttga 3' (SEQ ID NO 43) 

25 permit ainplif ication of a 412 bp DNA fragment of the hygronQi^cin 
cassette. 

PCR reactions were conducted in classical conditions; 94oC- for 3 
min (initial denaturation) followed by 30 cycles of 94oc 60 sec 

30 (denaturation), 55oc for 90 sec (annealing), 72°C for 90 sec (ex- 
tension) and a final extension at 720C for 10 min. 

6 recombinant clones resistant to Hygromycine were analyzed by 
PCR using the primer Set Lac 94 / Lac 95 specific for the hygro- 
mycin resistance gene. All the mutants were found to present the 

•35 expected DNA fragment of 412 bp indicating the integration of the 
plasmid pUCmini-Hyg-PKS in the genome. 

A 712 bp corresponding to the PKS gene could be amplified with 
the primer set EF-PKS/ER-PKS mentioned above using genomic DNA 
from a wild type strain; on the contrary no PCR fragment were am- 
plified with genomic DNA from the recombinant clones indicating 
that the PKS gene is disrupted by the insertion of pDCmini-Hyg- 
PKS. This was confirmed by PCR amplification EF-PKS combined with 
Lac 93 (hybridizing to the plasmid backbone near Not I restric- 
tion site) and ER-PKS combined with Lac 92 (hybridizing to the 
plasmid backbone near Asc I restriction site) . In both cases, DNA 
fragments of about 600 bp were ainplified for the recombinant 



40 



45 
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clones but not for the wild type strain (WT) . All together the 
PGR analysis using the different primer sets proves that the 
plasmid pUCndni-Hyg-PKS was targeted specifically in the PKS lo- 
cus by homologous recombination. This process permits to disrupt 
5 the PKS gene since the recombinant mutants were found to lack the 
typical pigmentation (purple) of the wildtype strain- 
Example 5 functional expression of Green Fluorescent Protein 
(GFP) in Fusarium graitdnearum 

10 

A) Plasmid construction 

In a first step, a 67bp DNA fragment encoding the peptide leader 
o£ the first 23 amino acids from N-texminus of the yeast ARHl 
15 (SwissProt;P48360) was amplified by PGR using the primers 

Lac 80 5' cccgaattcatgagctttgttcaaataagg 3' (SEQ ID NO 44) and 

Lac 81 5' ttattctagattttccatgggaatggatacagtcttacg 3' (SEQ ID NO 
20 45) 

in a" second, step, a 734 bp DNA fragment encoding the Green Fluo- 
rescent Protein (GFP) was amplified by PGR using the plasmid 
PEGFP-N2 (Genbank; U57608) and the primers 

25 

Lac 84 5' cgccaccatggtgagcaagggcgaggagctgtt 3' (SEQ ID NO 46). and 

Lac 85 5' tatgatctagagtcgcggccgctttacttgtacagctcg 3' (SEQ ID NO 
30 47) . 

The PGR products were assembled in frame with the Nco I restric- 
tion sites present in the oligonucleotides Lac 81 and Lac 84 and 
cloned in the expression plasmid pYes2 (invitrogen) using the re- 
35 striction sites EcoRI and Xba I present in the oligonucleotides 
Lac 80 and Lac 85, respectively. In the resulting plasmid pLAC7, 
the recombinant gene encoding GFP is under the control o£ the ga- 
lactose (Gal 1) promoter and cytochrome CI terminator. 

40 A 2892 bp DNA fragment containing the GFP e:xpression cassette was 
isolated from pLac7 using the restriction sites Nae I and Bsa I 
and cloned in the plasmid pUCmini-Hyg-PKS {see example 2) - To do 
so , pUCmini-Hyg-PKS was firstly cut by Asc I and filled in ac-* 
cording to classical methods then treated with Bsa I. The re- 

45 suiting plasmid pUCmini-Hyg-PKS-GFP contains all genetic elements 



BASF Aktien0es||^clui£t 20020174 9t^;8 "?^J Jj^niafssueidiiig 

37 

permiting the production of recombinant: 6FP in Fusairium srraminea- 
rum. 

B) Transformation- of Fusarixim graminearum with pUCmini-Hyg-PKS- 
S GFP and analysis o£ transf onoants 

The transformation was done as described in example 3, wherein 
pUCmini-Hyg-PKS-GFP was linearized with ECOR47III. The correct 
' integration of the plasmid m the PKS locus was observed after 
10 single conidxation by the absence of pigmentation of the recoihbi- 
nant mutants. 

In addition, the integration was confianned by PGR as described in 
example 4 using the following primer combinations EF-PKS (see ex- 
15 ample 4? SEQ ID NO:38) and ER-PKS (see example 4; SEQ ID N0:39>, 
whereby no amplification were observed since the gene PKS is dis- 
rupted whereas wild type strain or unspecific mutants were pre- 
senting a 714 bp DJSTA fragment corresponding to the expected PKS 
DNA fragment. 

20 

Using the primer combination EF-PKS (see example 4; SEQ ID NO: 38) 
and 

Lac 211 5' gcttctaatccgtactagtggatca 3' (SEQ ID NO 48) 

the amplification of a 835 bp DNA corresponding to the 5' end 
plasmid integration in the PKS locus of the mutants was observed. 
NO DNA fragment was an\plif ied for the wildtype strain, due the ab- 
sence of the DNA sequence complementary to Lac211. 

The primer combination 

ANK 458 5' ctttgatcttttctacggggtctga 3' (SEQ ID NO 49) and 

35 ER-PKS (see example 4; SEQ ID NO: 39) led to the anqplif ication of 
a 718 bp DNA corresponding to the 3' end plasmid integration in 
the PKS locus of the mutants. No DNA fragment was air^lified for 
the wildtype strain due the absence of the DNA sequence comple- 
mentary to ANK 458. 

40 

C) Detection of the production of GFP 

The recombinant mutants were grown for a few days in CM-Hyg me- 
dium as described in example 3 except for glucose which was re- 
45 placed by galactose as a carbon source. The fluorescence of GFP 
was detected using the polarstar spectrophotometer (Firma BMG; 
Ex: 385nm and Em: 520nm) • In 1:hese conditions fluorescence was 



25 
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observed for the strains which showed integration of the plasroid 
whereas no fluorescence was observed for the wildtype strains. 

Brief description of the figures 

5 

Figure 1; Map of pUCmini-Ilyg 
Figure 1: Map of PUCmini-Hyg TA 
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Claims 

1. A plasmid vector for targeted transformation of filamentous 
5 fungi comprising 

a) an origin of replication for a host organism which is not 
originating from the filamentous fungi to be transformed; 

10 b) a selection marker for a host organism not originating 

from the filamentous fungi; 

c) a promotor facilitating recombinant expression in fxangi 
that is functionally linked to the coding region of the 

15 hygromycin resistance gene which is functionally linked 

to a terminator which facilitates transcription termina- 
tion in filamentous fungi; 

wherein the overall size of the elements a) / b) and c) does 
20 not exceed 4500 bp; and- 

d) a nucleic acid sequence, which is homologous to nucleic 
acid sequences of the filamentous fungi to be treuis formed 
and makes homologous recombination in the filamentous 

25 fungi to be transformed possible. 

2, A plasmid vector as claimed in claim 1, wherein the an origin 
of replication a) originates from bacteria^ 

30 3. A plasmid vector as claimed in claim 1 to 2, wherein the 
selection marker b) imparts a resistance to antibiotics. 

4. A plasmid vector according to claim 1 to 3, wherein the pro- 
motor of element c) is selected from the group consisting of 

35 the GPD-1-, TEF-, CUP1-, GAP1-, TPI, PH05-, AOXl, 

GALlO/CYC-i. CYCl, OliC-, ADH-, Kex2-, MFa-^ and the 

NJCT-promotor . 

5. A plasmid vector according to claim 1 to 4, wherein the ter- 
40 minator of element c) is selected from- the group consisting 

of the A0X1-, nos-, TrpC- and the CYCl-terminator, 



6. 

45 



A plasmid vector according to claim 1 to 5, wherein the pro- 
motor of element c) is the GPD-l-promotor and the terminator 
of element c) is the nos -terminator. 
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7 A plasmid vector accorcling to claims 1 to 6, wherein the nu- 
cleic acid sequence d) is functionally linked to a promotor 
facilitating recombinant expression in filamentous fungi. 

8 A plasrnid vector according to claims 1 to 7, wherein the nu- 
cleic acid sequence d) is functionally linked to a transcrip- 
tion terminator facilitating recombinant expression in fila- 
mentous f xingi . 

9 A selection marker comprising a nucleic acid sequence enco- 
ding a polyketide synthetase fragment, wherein said nucleic 
acid sequence comprises • 

i. a nucleic acid sequence shown in SEQ ID MOtl or SEQ ID 
N0:2, SEQ ID N0:3. SEQ ID N0:4 or SEQ ID NO:5; or 

ii. a nucleic acid sequence which, owing to the degeneracy of 
the genetic code, can be deduced from the amino acid se- 
quence sho%m in SEQ ID. NO: 6 by back translation; or 

iii. a functional equivalent of the nucleic acid sequence set 
forth in i> which is encoded by an amino acid sequence 
that has at least an identity of 50% with the SEQ ID 
NO: 6; or 

iv. parts of the nucleic acid sequence as defined in i-, ii- 
or iii. consisting of at least 300bp; or 

parts of the nucleic acid sequence as defined in i-, ii. 
or iii. consisting of at least 300bp comprising 

a) a nucleic acid sequence shown in SEQ ID NO: 7 i or 

b) a nucleic acid sequence which, owing to the degene- 
racy of the genetic code, can be deduced from the 
amino acid sequence shown in SEQ ID NO: 8 by back 
translation; or 

c) a functional equivalent of a nucleic acid, sequence 
set forth in a) , which is encoded by amino acid se- 
quence that has at least an identity of 85% with the 
SEQ ID N0:8. 



V. 



10. Use of a nucleic acid sequnence comprising 
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a) a nucleic acid sequence encoding a polyketide synthetase; 
or 

b) parts of the nucleic acid sequence as defined in i, con- 
5 sisting of at least 300bp. 

as marker for targeted transformation in filamentous fungi. 

11. Use of a nucleic acid sequence according to claim 10 said nu- 
10 oleic acid sequence coxrqprislng 

X. a nucleic ^acid sequence according to claim 9; or* 

ii. a nucleic acid sequence shown in SEQ ID NO: 9 or SEQ XD 
15 NO; 111 or 

iii. a nucleic- acid sequence which, owing to the degeneracy of 
the genetic code, can be deduced from the amino acid se- 
quence shown in SEQ ID NO: 10, SEQ ID NO: 12 or SEQ ID 

20 " NO: 13 by back translation; or 

iv. a functional equivalent of the nucleic acid sequence set 
forth in i) , which is encoded by an amino acid sequence 
that has at least an identity of 40% with the SEQ ID 

25 NO: 6; or 

V. parts of the nucleic acid sequence as defined in ii-* 
iii. or iv. consisting of at least 300bpf or 

30 vi. parts of the nucleic acid sequence as definied in ii . , 

iii or iv. consisting of at least 300bp comprising a nu- 
cleic acid sequence, which is encoded by an amino acid 
sequence that has at least an identity of 68% with the 
SEQ ID NO: 8. 



35 



40 



12 . A plasmid vector for targeted transformation of filamentous 
fungi. additionally comprising a selection marker comprising a 
nucleic acid sequence encoding a polyketide synthetase frag- 
ment said nucleic acid sequence comprising 

i. a nucleic acid sequence according to claim 9; or 



ii. a functional equivalent of the nucleic acid sequence set 
forth in i) which is encoded by an amino acid sequence 
45 that has at least an identity of* 40% with the SEQ ID 

N0:6. 
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iii. a nucleic acid sequence shown in SBQ ID NO:9 or SEQ ID 
NO: 11; 



iv. 



a nucleic acid sequence which, owing to the degeneracy of 
the genetic code, can be deduced from the amino acid se- 
quence shovm in SEQ ID 1K>:10, SEQ ID N0:12 or SEQ ID 
NO: 13 hy back translation; or 

V. parts of the nucleic acid sequence as defined in ii., 
j^Q ' iii. or iv. consisting o£ at least 3O0bp; or 

vi. parts of the nucleic acid sequence as defined in i,, ii. 
or iii. or iv- consisting of at least 300bp, which are 
encoded by an amino acid sequence that has at least an 
15 identity of 68% with SEQ ID" NO: 8. 

13 A plasmid vector for targeted transformation of filamentous 
fungi as claimed in claims 1 to 8, additionally comprising a 
selection marker comprising a nucleic acid seq^aence encoding 
20 a polyketide synthetase fragment said nucleic acid sequence 

compJ^ising 

i. a nucleic acid sequence according to claim 9; or 

25 ii . a functional equivalent of the nucleic acid sequence set 

forth in i) . which is encoded by an amino acid sequence 
that has at least an identity of 40% with the SEQ ID 
NO: 6; or 

a nucleic acid sequence shown in SEQ ID NO: 9 or SEQ ID 
NO: 11; 

iv a nucleic acid sequence which, owing to the degeneracy of 
the genetic code, can be deduced from the amino acid se- 
quence shown in SEQ ID N0:10, SEQ ID N0:12 or SEQ ID 
NO: 13 by back translation; or 



30 iii 



3S 



V. 



parts of the nucleic acid sequence as defined in ii . , 
iii. or iv. consisting of at least 300bp; or 



40 



ii, 



vi, 



parts of the nucleic acid sequence as defined xn i 
or iii. or iv. consisting of at least 300bp comprising a 
nucleic acid sequence, which is encoded by a functional 
equivalent of an aitdno acid sequence that has at least 
45 identity of 68% with the SEQ ID MO: 8. 



BASF Aktiengede^^Chaft 20020174 9fr: 8 'E* J OM^H ^^^^^^^ d^B 



43 

14. An expression cassette coroprising 

a) a promoter sequence in functional linkage vitli a nucleic 
acid secjuence according to claim 9 in antisense orienta- 

5 tion; and optionally 

b) further genetic control seciuences in functionally linked 
with a nucleic acid sequence according to a) . 

10 15. A plasmid vector for targeted transformation of filamentous 
fungi additionally aomprising an eaqpression cassette accor- 
ding to* claim 14.. 

16. A plasmid vector* for targeted transformation of filamentous 
IS fungi as claimed in claims 1 to 8, additionally cong^rising an 

expression cassette according to claim 14. 

17. A method for transforming' filamentous fungi, comprising the 
following steps 

20 

a) transferring a plasmid vector according to claim 12, 13, 
15 or 16 into a filamentous fungi; . 

b) selecting successfully transformed filamentous £\ingi by 
25 the absence of colour. 

18. An expression cassette comprising 

a) a promoter setjuence in functional linkage with a nucleic- 
30 acid seqcuence conqprising- 

i, a nucleic acid seq[uence shovm in SEQ ID WO: 3, 4 or 5; 
or 

35 ii. a nucleic acid sequence which, owing to the degene- 

racy of the genetic code, can be deduced from the 
amino acid sequence shown in SEQ ID NO: 6 by back 
translation; or 

40 iii.a functional equivalent o£ the nucleic acid sequence 

set forth in i) which is encoded by an amino acid se- 
quence shown in SEQ ID NO: 6 that has at least an 
identity of 40% with the SEQ ID NO: 6; or 

45 iv. a nucleic acid sequence shown in SEQ ID NO; 9 or SEQ 

ID NO: 11; 
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V, a nucleic acid sequence which, owing to the degene- 
racy of the genetic code, can be deduced from the 
amino acid se^juence shovm in SEQ XD NO:10. SEQ ID 
NO: 12 or SEQ ID NO: 13 by back translation; 

and optionally 

further genetic control sequences in ftinctionally linked 
with a nucleic acid sequence according to a) - 

19. A method for transformation- of filamentous fungi, comprising 
the following st«^s 

a) providing a filamentous fungi, in which the polyketide 
synthetase gene is modified such that the polyketide syn- 
thetase cannot be functionally expressed; 

b) transforming the filamentous fungi of step a) with an ex- 
pression cassette according to claim 18 or vector comprx- 

20 sing the aforementioned expression cassette; 

c> selecting successfully transformed filamentous fungi by 
the presence of colour. 

25 20. A method as claimed in claim 17 or 19, wherein the plasmid 
vector comprises at least an additional selection marker. 

21. A method as claimed in claims 17, 19 or 20. Wherein the se- 
lection is confirmed by PGR. 

22. A method as claimed in claims 17. 19, 20 or 21. f ^^^^-^^^ 
filamentous fungi are succesuf lly transformed and identxfxed 
in a high-throughput screening. 
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Plasiold vectors for transformation of filamentous fungi 
Abstract 

S 

The invention relates to novel plasmid vectors for transformation 
of filamentous fungi and to a method of modiflylzig the genome of 
filamentous fungi based on these vectors. The invention further- 
more relates to the modification of a specific gene via the pro- 
10 cess of homologous recombination^ to recoznbinant expression of 
foreign genes in filamentous fungi and to new selection markers 
for dettscting succesfull transfer of the target gene in filamen- 
tous^ fungi. 

15 



25 



30 



40* 



45 



BASF JUctxengesells^^t 20020174 P:9t:8 H^^SSUejOlil] 



1 

SEQUENCE LISTING 

<11()> BASF Aktiengesellschaft 

<120> Plasmid vectors for trans formatioia of filamentous fungi 

<130> Polyketide Synthetase 

<140> 
<141> 

<160> 49 

<170> Patentin ver. 2-1 

<210> 1 
<211> 5888 
<212> DNA 

<213> Pusarium graminearum 
<400> 1 

atcgagtttc gtgttgcgtg ccatggtgta gcgaacaata ccatactcct' ccatcaaagg 60 
gctgacgagc ctggcatgga cctttgtcat atggtgcctg tactctttct cgctaagaga 120 
agg-tttttg taggccgtga tggttaggca aacaagggta tcaggttg^c cggtgacagt 180 
tgcctcatga gaggtttctt gggtatcact atgaggcgac atgatgcagg ttggagtttg 240 
tta-^cgaagt gctgggtagg atttggttga cagagttgca caaactggag ctctggatac 300* 
gcaaggggtc ataagagtat ggacacgccg tcgattagaa gctgtcagat ccagtgcatc 360 
aatggcccga atgacgagag attgctgccc ggcactgaaa gtctgcagcg tgcttgtttc 420 
ggagttatct ctacagctgc accgaatgac gaacaagccc gactatccat: gtccgacgag 480 
cccggaccga cgtgatccga atgccgccta acacctacca agacaatcat ggggtatcte 540 • 
cgaattatga ttgtgttgct caagcagcta atcccaactc ttaatcacgt caagtgccac 600 
gcttacctgt attaccatct gtcatcaaca taccaactcc tatatatagg ggattgtgct 660 
tcattacctc tccagtaaca actacttgga gttcaaacca catttcaacc tactctttta 720^ 
gttsattcaa catgacccca tcaatgatgg aggtattcgt ttttggggac caaagcacac 780 
gctttgcccc tccactgaaa gacctactcc tcaaaggcaa cagtccttac ctgacacatt 840 
ttgttaaaca agttcacgca cctcttagaa gggagatatc atccttgccg gcagttcaac 900 
agaagctttt cccaaacttt gccgacattc aggaactcgt ctccaagtca gattggggca 960 
gtggtaaccc tgctttgaca agcgctttag catgctttta ccatctttgc agtttcattc 1020 
agtgagtaac ataaccaagt acccatagat ctctcctgac catccagcct tttacgatgg 1080 
acaaggccgt acctttccct cggagaacag tcgcattatt ggactttgcg ttggttcact 1140 
cgctgctact gctgtcagtt gctccacatc actgagtgaa ttggtatcag ctggtgtaga 1200 
tgctgtccgt gtggcatcgc acgtcggact acgggtatgg cgaactacct cccttttcga 1260 
cgtac'cagac aggccctccg ccacttggtt cataatngtg cccgaggcag tactaccaag 1320 
agaafectgcg caagaccgac ttigactcatt catcattgaa atggtaagca attctttgtc 1380 
ctfcggagctc tcataaaaca tatteactct tctttaggga ctcgctcgat catcagttcc 1440 
ttacatcagc tcggtcgcac accacaacat gaccatcagt ggtccaccat ccgtcctcga 1500 
aaagttcatt cacagtatat caacatcacc gaaagattcc ctcccagtgc cgatctatgc 1560 
cccgtaccac gccagccatc tttacagcat ggatgatgta gacgaggtcc ttagcctgtc 1620 
cgcaccttct tttgcatcag agtccatcat cccacccatt tcaagctcct cgggtgacga 1680 
gttacagcca ctcaagtatg cagatctact ccgctgctgt gttagtgata tgctcacaca 1740 
gccactggat cttaccaagg tctcacaagc agtggcccag cttctcgagg ttagctcatc 1800 
tacacgcgcc ataataaagc ctatagcaac cagcgtctcc aacagtctag tgtctgttcc 1860 
ggagccgacg ctagcagaac gatgcgccgt ggacaacagc atggggccca aagcctcgac 1920 
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cag=cactca tcagcagaga cacaaaccga gtcatcaagc aagaactcca aaattgcgat 1980 
tgttgctatg tctggtcgct ttccagacgc agctgacttg agtgaatcct gggacccccc 2040 
cfcasgaaggt cgcgatgttc atcgacaaac tcccgaggac cgattcaacg cagagctcca 2100 
ttasgacgcc actgggcgac gtaagaacac cagcaaggtc atgaatggct gcttcatcaa 2160 
ggaaccagga ctgttcgacg ccaggttctt caacatgtct ccaaaggaag ccgagcagce 2220 
ggatcctggc cagcgaatgg cccccgaaac agcttacgag gcgcttgaga tggctagtat 2280 
cgtaccagac agaaqacctt cgacacagag agaccgtgcc ggcgtgttct acggcatgac 2340 
tagcgacgat tggagagagg ccaacagtgg gcagaatgtc gacacttatt ttattcctgg 2^00 
taagttgttt gttcgcgttt cacgacaata ctgattgcag accaeaggtg gcaacagagc 2460 
gtcsacccct ggtcgactca actacttctt caagttcagt gggcctagcg ctagcgttga 2520 
tacggcttgc tcctccagtc tcgttggctt gcacttggct tgtaattccc tctggagaaa 2580 
tgattgcgat aeagccatcg cgggcggaac caatgtcatg actaaccctg acaacttcgc 2640 
tggtttggac cgaggccact tcctatctca agaaccggta* agtctctcac agatcttgga 2700 
agcctccttc ttcttagtgt ttttactgac cctgttccag gcaactgcaa cacctttgac 2760 
gatggagcag acggacaccg tcgagctgat ggcgteggaa ccatcatcct caagcggctt 2820 
gaggacgccg aagccgacaa tgaccctatt ctcggtgcca ttccgggcgc tCacacaaac 2880 
cactcagccg aagcagtatc catcactcga ccacatgccg gagctcaaga gbacatcttc 2940 
tccaaactcc tccgtgagtc gggcaccgat ccctacaacg ccagctacat cgagatgcac 3000 
ggcacaggca ctcaagccgg cgacgcaacc gagatgacat ccgtcctcaa gacgtttgct 3060 
cctaccagcg gcttcggcgg tcgactgcct caceaaaacc ttcacttggg ttcagtcaag 3120 
gccaatgtcg ggcacggcga atccgcatct ggtatcattg ctctgatcaa gacgctgctt 3180 
atgatggaga agaacatgat cccgccgcat tgtggtatca agacaaagat caatcaccac 3240 
tttcctacgg acetcaccca gcgcaatgcc catatcgcca aagttccgac accctggaca 3300 
agabcgggtc aagccaatcc acgcattgct ttcgtcaata acttctctgc cgctggtggt 3360 
aactctgctg tcctaecgca agatgctcct cagccatcgg tagtccegga cgctacagac 3420 
cct.=gcacat cccatgttgt cactatgtcc gctcgatcag cagattccct caggaagaac 3480 
etcgccaatc tcaaggagct tgtagaaggc caaggtgact cggaggtcgg cttectgagc 3 540 
aagccgccct acacaaccac cgccaggcgc atgcatcaCc aattccgagc ttcggtcaca 3 600 
..gcacagactc gtgaacagct getgaagggc cttgattccg ccattgaacg ecaggatgtg 3660 
aagaggatcc ccgccgccgc gccctctgtc ggctttgtgt ttagcggcca aggcgcccaa 3720 
taccgtggta tgggcaagga gtactttaca tctttcacag ccttccgcte tgagaccatg 3780 
tcttacgaca gtatcgceca agcccaaggc ttcccgtcaa tccccccacc gatccgagga 3840 
gaggtggaag ctgactcgtt gagtcctgtt gagatccagc tgggtctcac fctgcctgcag 3900 
atggcactgg ceaagctatg gaagtcattc ggtgttgagc caggctttgt tctcggacac 3960 
agcttaggcc actatgctgc tttacacgtc gctggtgttc tgtccgccaa tgataccatt 4020 
tacctcactg gcatcagagc geagctgctc gtggataagt gccaggcagg aacccactca 4080 
atgctggcag tgagggcatc ectactacag atccaacagt tcctcgacgc caacattcac 4140 
gaggttgcat gtgtcaatgg ttcacgagaa gtcgtcatca gtggacgcgt tgccgacatt 4200 
gaccagccgg tCggcctttt gtcggctgac aacatcaagg cgacccgcgt caaggtgcca 4260 
tttgccctcc actcagcgca ggttgacccc attctctccg acttggatac agcggcgteg 4320 
cgcgtcacct tccactccct ccagactcct gccccccgtg cccttgacag ctetgtcatc 4380 
agccctggaa accatggtgt cathggtccc cttcatctac agcgacattg tcgtgagaca 4440 
gtcaactttg agggtgctcc acatgctgcg gagcacgaga agatcatcaa caagacatca 4500 
actctatgga tcgagaccgg tccccatgtt gtctgctcta ccttcctcaa gtccagcctt 4560 
ggtccaagca cacctgctat cgcatcgcct cgccgaaatg acgattgccg gaaggtgttg 4620 
gctgatggtt tgagcagtct ctacagcagc gggttgacaa tfegactagaa cgagtatcat 4680 
cgcgacttca aggcctctca ccaggtactt cgtctgcctt gctacagctg ggagcacaag 4740 
aaccaccgga tacagtacaa gtacgattgg tccttggcta aaggtgatcc tccaattgcc 4800 
cctaacagct cggttgaage agtctcagct ttateaacac cctcggtcca gaagattcta 4860 
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c«g.jagactt cccttgatca ggtattgact atcgttgctg aga«gatce cgcgagccct 4920 
ctattgtcag aggttgccca aggtcatcgg gtcaacggcg tcaaag.ctg cacatcttcc 4980 
gtgtacgccg atgttggctt gacgccgggt aagtacattt tggacaacta ccgcaccgac 5040 
ttagagggct atgcggtcga tgttcacggt atcgaggtcc acaagccact tcttctcaaa 5100 
gaagacatga acggaacgcc ccaggctaca ccgttccgca tcgaagtgcg atacccaatc 5160 
cagagcacca cggcgctgat gagcatctcc accactggcc ccaacggtca gcacatcaag 5220 
catgctaact gcgaacttcg actcgagcat ccgtcgcaat gggaagcgga gtgggatcgc 5280 
caagcctacc tcatcaatcg • cagcgtcaac tgccctctgc agcgatcagc acaaggtttg 5340 
gacagcatgt tggcaaccgg aatggtctac aaggtcttct ectccctcgt cgactatgcc 5400 
gatggctaca agggtctgca ggaggttgtc ttgcacagcc aagagctcga gggcacagca 5460 
aaagtgcgct tccaaactcc ctcgggaggt ttcgtctgca atcccatgtg gattgacagc 5520 
tgtggtcaga cgaccggctt catgatgaac tgtcatcaga ctacgcccaa tgactacgtc 5580 
tacgccaate acggctggaa gtcgatgaga ttggccaagg cgttccgtga agatggtacc 5640 
tatcggactt atatccggat gaggcccatc gatagcacca agttcgctgg tgacttgtac 5700 
actcttgatg aggatgaeac tgtggttggt gtttatggag acataacaat gagtaacacg 5760 
aatctttgtc aacaacaatg ctaacgtaaa gaacagttcc aaggtttgcc gcgaegagtt 5820 
cccaacacag tcctgccatc tgccaacgcg gttccagttg atgctcccat ggtccaagac 5880 
gacctcca 

<210> 2 
<211> 5157 
<212> DNA 

<213> Fusarium grarainearum 

atoaccccat caacgatgga ggtattcgtt tttggggacc aaagcacacg ctttgcccct 60 
ccactgaaag acctactcct caaaggcaac: agtccttact tgacacattt tgttaaacaa 120 
gttcacgcac ttcttagaag ggagata.ca tccttgccgg cagttcaaca ^--^cccttc 180 
Leaactttg ccgacactca ggaactcgtc tccaagtcag attggggcag tggtaaccct 240 
gctttgacaa gcgctttagc atgcttttac catctttgca gtttcattca S^gagtaaca 300 
taa^ccaagta cccatagatc tcccctgaco atccagcctt ttacgatgga caaggtcgta 360 
cc ""cLc ggagaacagt cgcattattg gaccttgcgt cgg.t:cact:c ^c.gc.actg 420 
Lctcagttg ctccacacca ctgagtgaat tggtatcagc tggtgtagat gccgttcgtg 480 
tg'™a cgtcggacta cgggta.ggc gaacacctc ccctttcgat ^-ccagaca 540 
ogLctccgc cacttggttc ataattgtgc ccgaggcagt actaccaaga gaauctgcgc 600 
lagaccgact tgactcattc atcattgaaa tggtaagcaa ctctttg.cc "ggagc^ct 660 
ca?Laacat attcaccctt c.t:.cagggac ttgctcgatc atcagttccc tacatcagct 720 
cgUcgcaca c.acaacatg accatcag.g gtccaccatc cgtcctcgaa 
acagtatacc aacatcaccg aaagattctc ttccagtgcc gatctatgcc ccgtaccacg 840 
gccatct ttacagcatg gatgatgtag acgaggccct tagcctgtct ^caccttctt 900 
ttgcahcaga gtccatcatc ccactcattt caagctcctc gggtigacgag cracagccac 960 
"aagtatgc agatctactc cgctgctg.g ttagcgatat gctcatacag ccactggatc 1020 
ttaccaaggt cccacaagca gtggcccagc ctctcgaggt tagctcat:ct: acacgcgcca 1080 
tl taaagcc tatagcaacc agcgtctcca acagtctagt gtctg^ttg 9-^-^-^^ 
TailUaLg a.gcgccg.g ga„ 

iZlZm TZZZ :r.ra "tga gUt^ctg ggacc..ctc. .acgaagg.. 1320 

IZT.^^ »S««=c a:::Stca Uatggc« cctcaecg g.accagg.c 1440 
MttSL^ caggttcctc aacatgtctc caaaggaagc tgagcagtcg gaccctggco 1500 
afca^wgc ccccgaaac. gcccacgagg og=«gag.-= ggot.g.=at= gtaccagaca 1S60 
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gaacacctcc gacacagaga gatcgtgttg gtgtgttcCa cggcaegact agcgacgatt 1620 
ggagagaggt caacagtggg cagaatgtcg acacttattt tattcctggt aagtcgtttg 1680 
ttcgcgttitc acgacaatac tgattgcaga ctacaggtgg caacagagcg ctcactcctg 1740 
gtcgactcaa ctacctcttc aagttcagtg ggcctagcgc tagtgttgat acggcttgct 1800 
cctceagtct cgtcggcttg cacttggctt gtaattccct ctggagaaat gactgcgata 1860 
cagctattgc gggcggaacc aatgtcatga ctaaccctga caacttcgct ggtttggacc 1920 
gaggccactt cctatctcaa gaaccggtaa gtctctcaca gatcncggaa gctcccttct 1980 
tcttagtgtt tttacfcgacc ttgttccagg caactgcaac acctttgacg atggagcaga 2040 
cggatactgt: cgagctgatg gcgccggaac catcatcctc aagcggcttg aggacgccga 2100 
agctgacaa^ gacccta^tc tcggtgtcat tctgggcgct tacacaaacc actcagccga 2160 
agcagtatcc atcacccgac cacatgccgg agctcaagag tacatcttct ccaaactcct 2220 
ccgtgagtcg ggcaccgatc cctacaacgt,^tagctacatc gagacgcacg gcacaggcac 2280 
tcaagccggc gacgcaaccg agatgaeatc cgtcctcaag acgtttgctc ctaccagcgg 2340 
cctcggcggt: cgattgcctc accaaaacct t:cacttgggt tcagtcaagg ccaatgtcgg 2400 
gcacggtgaa tccgcatctg gtatcattgc cccgatcaag acgctgctta tgatggagaa 2460 
gaacatgatc ccgccgcatt gtggtatcaa gacaaagatc aatcaccatt ttcctacgga 2520 
tctcactcag cgcaatgtce atatcgccaa agttccgaca tcttggacaa gatcgggtca 2580 
agccaaccca cgcattgctt: tcgtcaataa cttctcbgcc gctggcggta actccgctgt 2640 
cctactgcaa gatgctcctc agccatcggt agtttcggat gttacagacc ctcgcacatc 2700 
ccetgtcgtc actacgtccg cccgatcagc agattccctc aggaagaacc tcgccaatct 2760 
caaggagctt gtagaaggcc aaggtgactc ggaggtcggc ttectgagca agctgtccta 2820 
cacaaccacc gccaggcgca tgcaccacca atcccgagct tcggtcacag cacagactcg 2880 
tgaacagctg ctgaagggcc ttgatt'ccgc cattgaacgc caggatgtga agaggatccc 2940 
cgccgccgcg ccctctgtcg gctttgcgtt tagcggccaa ggcgcccaat accgtggtat 30 00 
gggcaaggag tactttacat ctttcacagc cttccgctct gagatcatgt cttacgacag 30 60 
tatcgcccaa gcccaaggct tcccgtcaat ccccccactg atccgaggag aggtggaagc 3120 
tgactcgttg agtcctgtcg agatccagct gggtctcact tgcctgcaga tggcactggc 3180 
cafiigctatgg aagtcatfccg gtgttgagcc aggctttgtt ctcggacaca gcttaggcca 3240 
ctatgctgct ttacacgtcg ctggtgttct gtccgccaat gataccattt.acctcactgg 3300 
catcagagcg cagctgctcg tggataagtg ccaggcagga acccactcaa tgctggcagt 3360 
gagggcatcc ttactacaga tccaacagtt cctcgatgcc aacattcacg aggttgcatg 3420 
tgtcaatggc tcacgagaag tcgtcatcag tggacgcgtt gccgacattg accagctggr: 3480 
tggccttttg tcggctgaca acatcaaggc gacccgcgtc aaggtgccat ttgccttcca 3540 
ct<3agcgcag gtcgacccca ttctctccga cttggataca gcggcgccgc gcgtcacctu 3600 
ccaetccctc cagattcctg ttctctgtgc ccttgacagc tctgtcatca gccctggaaa 3660 
cciifcggtgtc attggtcccc ttcatctaca gcgacattgt cgtgagacag tcaactttga 3720 
gggtgctcta catgctgcgg agcacgagaa gatcaccaac aagacatcaa ctctatggat 3780 
cgagattggt ccccatgttg tccgctctac cttcctcaag tccagcetcg gtccaagcac 3840 
acctgccatc gcatcgcttc gccgaaatga cgattgctgg aaggtgttgg ctgatggttt 3900 
gagcagtctc tacagcagcg ggccgacaan tgactagaac gagtatcatc gcgaccccaa 3960 
ggcctctcac caggtacttc gtctgccttg ttacagctgg gagcacaaga attactggat 4020 
acagtacaag tacgattggt ccttggctaa aggtgatcct ccaattgccc ctaacagctc 4 080 
ggttgaagca gcctcagctt tatcaacacc ctcggtccag aagatcctac aggagacttc 4140 
ccttgatcag gtattgacta tcgttgctga gacagatctc gcgagccctc tattgtcaga 4200 
ggttgcccaa ggtcatcggg tcaacggtgt caaagtctgc acatcttccg tgcacgctga 4260 
cgttggcttg acgctgggta agtacattcn ggacaactac cgcaccgact tagagggtta 4320 
tgcggtcgat gctcacggta ttgaggfccca caagccactt cttctcaaag aagacacgaa 43 80 
cggaacgccc caggctacac cgttccgcat cgaagcgcga cacccaafccc agagcaccac 4440 
ggcgctgatg agcatctcca ccactggccc caacggtcag cacatcaagc atgctaactg 4500 
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cgaacttcga ctcgagcatc cgccgcaatg ggaagcggag tgggatcgcc aagcctaccc 4560 
catcaatcgc agcgticaact gccttctgca gcgatcagca caaggtttgg acagcatgtC 4620 
ggcaaccgga atggtccaca aggtcttccc ctccctcgtc gactatgccg atggctacaa 4680 
gggtctgcag gaggttgtct tgcacagcca agagctcgag ggcacagcaa aagtgcgctt 4740 
ccaaactcec tcgggaggct tcgtctgcaa tcccatgtgg attgacagct gtggtcagac 4800 
gaccggcttc atgatgaact gfccatcagac tacgcccaat gactacgtct acgtcaatca 4860 
tggctggaag tcgatgagac tggccaaggc gttccgtgaa gatggtacct atcggaccta 4920 
tatccggatg aggcccattg atagcaccaa gttcgctggt gacttgtaca ttcttgatga 4980. 
ggatgacact gtggttggtg tctacggaga cataacaatg agtaacacga atctccgcca 5040 
acaacaatgc taacgtaaag aacagbtcca aggtttgccg cgacgagttc tcaacacagt: 5100 
cctgccacct gccaacgcgg ttccagttga tgctcccatg gttcaagacg acctcca 5157 

^210> 3 • . • 

<211> 7339 
<212> DNA 

<213> Fusarium gramineanim 
<400> 3 

abcgagtctc gtgttgcgtg tcatggtgca gcgaacaata ecatactcct ccaccaaagg 60 
gctgacgagc tiiggcatgga cctttgtcat atggtgcctg tactctttct cgctaagaga 120 
aggttttttg taggccgtga tggttaggca aacaagggta tcaggttgac cggtgacagc 180 
tgcctcatga gaggtttctt gggtatcact atgaggcgac atgatgcagg ttggagtttg 240 
ttatcgaagn gctgggtagg atttggttga cagagncgca taaactggag ctctggafcac 300 
gcaaggggtc ataagagtat ggatacgccg tcgattagaa gctgtcagat ccagtgcatc 360 
aatggcccga acgacgagag attgctgctc ggeaetgaaa gtctgcagcg tgcttgtttc 420 
ggagttacct ctacagctgc accgaatgac gaacaagccc gactatccat gtccgacgag 480 
cccggaccga cgcgacccga atgctgtcta acacttacca agacaatcat ggggtatctc 540 
tgaattatga ttgtgttgct caagcagcta atcccaactc ttaatcacgt caagtgccat 600 
gcttacctgt atcatcatct gccatcaaca taccaactcc tatatatagg ggattgtgct 660 
ucattacctc tccagtaaca actacttgga gttcaaacca catttcaact tactctttta 720 
gttcattcaa catgacccca tcaatgatgg aggcattcgt ttttggggac caaagcacac 780 
gctttgcccc tccactgaaa gacctactcc tcaaaggcaa cagtccttac ttgacacatt 840 
ttgttaaaca agttcacgca cttcttagaa gggagatatc atccttgccg gcagttcaac 900 
agaagctttt cccaaacttt gccgacattc aggaactcgt ctccaagtca gattggggca 960 
gtggtaaccc cgctttgaca agcgctttag cacgctttta ccatctttgc agtttcactc 1020 
aggagtatca taaccaagta cccatagaCc tctcctgacc atccagcttit tacgatggac 1080 
aaggccgtac ctttccttcg gagaacagtc gcattattgg actttgcgtt ggttcactcg 1140 
ctgctactgc tgtcagttgc tccacatcac tgagtgaatt ggtatcagct ggtgtagatg 1200 
ccgttcgtgt ggcattgcac gtcggactac gggtatggcg aactacctcc cttttcgatg 1260 
taccagacag gccctccgcc acttggttca taattgtgcc cgaggcagta ctaccaagag 1320 
aatctgcgca agaccgactc gactcattca tcattgaaat ggtaagcaat tctttgtcct 1380 
tggagctctc ataaaacata ttcactcttc tttagggact tgctcgacca tcagctcctt 1440 
acaxcagctc ggtcgcacat cacaacatga ccatcagtgg tccaccatcc gtcctcgaaa 1500 
agttcattca cagtatatca acatcaccga aagactccct tccagtgccg atctatgccc 1560 
cgtaccacgc cagccatctt tacagcatgg atgatgtaga cgaggtcctt agcctgtctg 1620 
caccttcttt tgcatcagag tccatcattc cactc^tttc aagcccctcg ggtgacgagt 1680 
tacagccact caagtatgca gatctactcc gctgctgtgt tagtgatafcg ctcatacagc 1740 
cactggatct taccaaggtc tcacaagcag tggcccagct tctcgaggtt agctcaccta 1800 
cacgcgccat aataaagcct atagcaacca gcgtctccaa cagtctagtg tctgttttgg 1860 
agccgacgct agcagaacga cgcgccgtgg acaacagcat ggggcccaaa gcctcgacca 1920 
gccactcatc agcagagaca caaaccgagt catcaagcaa gaactccaaa attgcgattg 1980 
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tcgccatgtc tggtcgctcc ecagacgeag ctgaettgag tgaattctgg gatcttccct 2040 
acsaaggtcg cgacgttcat cgacaaattc ccgaggaccg attcaacgca gagctecact 2100 
acgacgctac tgggcgacgt aagaacacca gcaaggtcat gaatggctgc ttcatcaagg 2160 
aaccaggact gtccgacgcc aggctctcca acatgtctcc aaaggaagct gagcagtcgg 2220 
atcctggcca gcgaatggcc ctcgaaacag cttacgaggc gettgagatg gctagtatcg 2280 
taccagacag aacaccttcg acacagagag atcgtgttgg tgtgctccae ggeatgacta 2340 
gcgatgattg gagagaggtc aacagtgggc agaatgtcga cacttatttt attcctggta 2400 
agttgtttgt tcgcgtttca cgacaatact gattgcagac tacaggtggc aacagagcgt 2460 
tcactcctgg tegactcaae tacttcttca agttcagtgg gcctagcgct agtgctgaca 2520 
cggcttgctc ctccagtctc gttggcttge acttggcttg taattccctc tggagaaatg 2580 
attgcgatac agcfcattgcg ggcggaacca atgtcatgac taaccctgac aacttcgctg 2640 
gtttggaccg aggceacttc ctatccagaa ccgghaagtc tctcacagat cttggaagct 2700 
feccttctttt tagtgttttt actgaccttg ttccaggcaa* ctgcaacacc tttgacgatg 2760 
gagcagacgg atactgtcga gctgatggcg tcggaaccat catcctcaag cggcttgagg 2820 
acgccgaagc cgacaatgac cctatcctcg gtgticattct gggcgcttac acaaaccact 2880 
cagccgaage agtacccatc actcgaccac atgecggagc tcaagagtac atcttctcca 2940 
aactcctceg tgagtcgggc accgatccct acaacgttag ctacatcgkg atgcacggca 3000 
caggcactca agccggcgac gcaaccgaga tgacatccgt ccccaagacg tctgctccta 3060 
ccagcggctt cggcggtcga ttgcctcacc aaaaccttca cttgggttca gtcaaggcca 3120 
atgtcgggca cggtgaatcc gcatccggta tcattgctct gatcaagacg ctgcttatga 3180 
tggagaagaa catgatcceg ccgcattgtg gtafccaagac aaagatcaat caccattttc 3240 
ctacggatct cactcagcgc aacgcccaca ccgccaaagc cccgacatct tggacaagat 3300 
cgggtcaagc caafcccacgc attgctttcg tcaataactt ctctgccgct ggtggtaact 3360 
ctgctgtcct actgcaagac gctccccagc eatcggtagc etcggatgtt acagaccctc 3420 
gcacatccca tgttgtcact atgtccgctc gatcagcaga ttccctcagg aagaacctcg 3480 
ccaatctcaa ggagcccgca gaaggccaag gtgactcgga ggtcggcttc ctgagcaagc 3540 
tgtcctacac aaccaccgcc aggcgcatgc atcaticaatt ccgagctccg gtcacagcac 3600 
agactcgtga acagctgctg aagggccttg attccgccat tgaacgccag gatgtgaaga 3660 
ggatccccgc cgccgcgccc cctgccggct ccgtgcctag cggeeaaggc gcccaatacc 3720 
gtggtatggg caeggagtac tttacatctt tcacagcctt ccgctctgag atcatgtctt 3780 
acgacagtat cgcccaagcc caaggcttcc cgtcaatcct cccactgatc cgaggagagg 3840 
tggaagetga ctcgttgagt cctgttgaga tccagctggg tctcacttgc ctgcagatgg 3900 
cactggccaa gctatggaag tcattcggtg ttgagccagg ctttgttccc ggacacagcc 3960 
taggccacta tgctgcttta cacgtcgcbg gtgttctgtc cgccaatgat accatttacc 4020 
ccactggcat cagagcgcag ctgctcgtgg ataagcgcca ggcaggaacc cactcaatgc 4080 
tggcagtgag ggcatcctta ctacagatcc aacagttoct cgatgccaac attcacgagg 4140 
ttgcatgtgt caatggttca cgagaagtcg tcatcagtgg acgcgttgcc gacattgacc 4200 
agctggttgg ccttttgtcg gctgacaaca tcaaggcgac ccgcgtcaag gtgccatttg 4260 
cctrccactc agcgcaggtt gaccccattc tctccgactt ggatacagcg gcgtcgcgcg 4320 
ccacccteca ctecccccag attcctgttc tttgtgccct tgacagctct gtcatcagcc 4380 
ctggaaacca cggtgtcatt ggtccectte atetacagcg acattgtcgt gagacagtca 4440 
act~tgaggg tgctctacat gctgcggagc acgagaagat catcaacaag acahcaactc 4S00 
tatggatcga gattggtccc catgttgtct gctctacctt cctcaagtcc agccttggtc 4560 
caagcacacc cgccaccgca tcgctccgcc gaaatgacga ctgccggaag gcgttggctg 4620 
atggtttgag cagtctctac agcagcgggt tgacaattga cttgaacgag tatcatcgcg 4680 
actccaaggc ctctcaccag gtacttcgtc Cgcctcgtta cagctgggag cacaagaatt 4740 
actggataca gtacaagtac gattggtcct tggctaaagg . tgatcctcca attgccccta 4800 
aeagctcggt tgaajjcagtc tcagctttat caacaccete ggtccagaag attctacagg 4860 
agacttccct tgatcaggta ttgactatcg ttgctgagac agatctcgcg agccctctat 4920 
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tgtcagaggt tgcccaaggt catcgggtca acggtgtcaa agtctgcaca tcttccgcgt 4980 
acgctgatgc cggcttgacg ctgggtaagt acattttgga caactaccgc accgacccag 5040 
agggttatgc ggtcgatgtc cacggtattg aggtccacaa gccacttctt ctcaaagaag 5100 
aca*:;gaacgg aacgccccag gctacaccgt tccgcatcga agtgcgacac ccaatccaga 5160 
gcaccacggc gctgatgagc atctccacca ctggccccaa cggtcagcac atcaagcatg 5220 
Gtaactgcga acttcgactc gagcatccgc cgcaacggga agcggagtgg gatcgccaag 52 SO 
cctacctcat caatcgcagc gtcaactgcc ttctgcagcg atcagcacaa ggtttggaca 5340 
gca-gttggc aaccggaacg gtctacaagg tcttctcctc cctcgtcgac tatgccgatg 5400 
gctacaaggg tctgcaggag gttgtcttgc acagccaaga gctcgagggc acagcaaaag 5460 
tgcgcttcca aactcccccg ggaggtttcg tctgcaatcc catgtggatt gacagccgtg 552 0 
gtcagacgac cggcttcatg atgaactgtc atcagactac gcccaatgac tacgtctacg 5580 
tcaatcatgg ctggaagucg atgagattgg ccaaggcgtt ccgtgaagat ggtacctatc 5640 
ggacttatat dcggatgagg cccattgata" gcaccaagtt cgctggtgAc ttgtacattc 5700 
ccgatgagga tgacactgtg gttggcgtcc acggagacat aacaatgagt aacacgaatc 5760 
tttgtcaaca acaatgctaa cgtaaagaac agttccaagg tttgccgcga cgagttctca 5820 
acacagcctt gccatctgcc aacgcggttc cagttgatgc ncccargggt cgacgggacg 5880 
tgcctcc^tc aagaatggat gtgcctcccg tcaggtccgg tgaagggcca cccacttcag 5940 
cacccacgca gcaagctatc gctctgccgt tcgcagccga tacatccatg gactcccgat 6000 
tgagacctct tcttcgcatc ttgtcagaag agatcggtct cggtcttgac gttctttcgg 6060 
acgacgaact cgactttgcg gaccacggtg tcgactcact cctctcattg accatcactg 6120 
gtcgcatgcg tgaggaattg ggtctcgacg ttgaatctac agcattcatg aactgtccca 6180 
ccccgggcag ctttaaattg ttcctaggac ctgtcgatca ggacaataag ggcagcagcg 6240 
gcagtgafcgg cagtggtagg agcagtccag caccgggtac cgagtctggc gctactacac 63 00 
cacccatgag cgaagaggac caggacaaga tagtcagcag tcactcgctt caccagttcc 6360 
aagccagttc gacgcctcta cagggcagtc ccagtaaagc tcgctcgact ttgctcccgc 6420 
tiaccagacgg ctcgggatct gccacatcct acgcttccct tcccccgatc tctccagacg 6480 
gagatgttgc tgtctacggg ttgaactgtc catggctgaa ggactctagt taccccgccg 6540 
agcttggact caagggcttg acagagctct atgtcaacga gatactccgt cgcaagccac 6600 
agggtcctta caatttggga ggatggtcag ccggtggcat ttgcgcttat gaagctgccc 6660 
tgatcctcac cagagcagga caccaagtcg atcgccttat cttgettgac tctcccaatc 672 0 
ccgttggtct tgagaagcta cctcctcgct tgtacgattt cctcaattcg cagaatgtet 6780 
ttggatcaga caacccgcac agcactgctg gaacaagcgt caaagctcca gaatggcttc 6840 
ttgcacattt cctggccttc atcgacgctc tggatgctta tgtcgcagtg ccccgggacc 6900 
ccggcctagt cggtctagca tcaccgctcc ctgcaccgcc gcagacatac atgctgtggg 6960 
cagaagacgg agtttgcaaa gactctgata gcgcccgtcc cgagtaccgt gacgatgacc 7020 
cacgcgagat gagatggctg ttggagaaca gaacaaactt tggtccgaat ggttgggagg 7080 
cgctactcgg tggtaaagag ggtttgttca tggatcggat tgcggaagcg aatcatttta 7140 
gtatgtitgaa gagaggacgg aatgcggaat atgtctctgc attcctggct cgggccttgg 7200 
acaattagcg- atggagaggg ctgctcgtgt atttatgttt attcttcttt gacgtccgta 7260 
tttcztttgcc tttctcatca ttcagataga agcagcagat tgccttcatt ctttataaat 7320 
cactacagaa ataagtttg 7339 

<210> 4 
<211> 6608 
<212> DNA 

<213> Fusa.rium graxninearum 



atgaccccat caatgatgga ggtattcgtt tttggggacc aaagcacacg ctttgcccct 60 
ccactgaaag acctacccct caaaggcaac agtccttact tgacacattt tgttaaacaa 120 
gttcacgcac ttcttagaag ggagatatca tccttgccgg cagttcaaca gaagcttttc 180 



<400> 4 
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ccaaactttg ccgacattca ggaactcgtc tccaagtcag attggggcag tggtaaccct 240 
gctttgacaa gcgcttcagc atgcttttac catctttgca gtttcactca ggagtatcat 300 
aaccaagtac ccatagatct ctcctgacca tccagctttc acgatggaca aggtcgcacc 350 
CCCccctcgg agaacagfccg cattattgga cthtgcgttg gttcactcgc tgccaccgct 420 
gtcagttgct ceacatcact gagtgaattg gtatcagctg gtgtagatgc tgttcgtgtg 480 
gca-rtgcacg ccggactacg ggtatggcga actacctccc ttttcgatgt aceagaeagg 540 
ccc~ccgcca cttggttcat aattgtgcce gaggcagtac taccaagaga atctgcgcaa 600 
gaccgacttg acccacccac cattgaaatg gtaagcaatt ctttgtcctt ggagctctca 660 
taaaacatat tcactcttct ttagggactt gctcgatcat cagttcctta catcagcteg 720 
gtcgcacatc acaacacgac catcagtggc ccaccacccg cccccgaaaa gcccactcac 780 
agtataccaa catcaccgaa agattctctt ccagtgccga tctatgctcc gbaccacgce 840 
agecatcttt acagc^tgga tgatgtagac gaggtcctta gcctgtctgc acccccctct 900 
gca-cagagt ccatcattcc actcatttca agctcctcgg gtgacgagtt acagccactc 960 
aag-atgcag atctactccg ctgctgtgtt agtgatatge ccaeacagcc actggatctt 1020 
accaaggtct cacaagcagt ggcccagcct ctcgaggtta gctcatctac acgtgccata 1080 
ataaagccta tagcaaccag cgtctccaac agtctagtgt ctgttttgga gccgacgcta 1140 
gcagaacgat gcgccgtgga caacagcatg gggcecaaag ccccgaccag ccactcacca 1200 
gcagagacac aaaccgagtc atcaagcaag aaetccaaaa ttgcgattgt tgctatgtct 1260 
ggtcgctttc cagacgcagc tgaettgagt gaactctggg atcttctcta cgaaggtcgc 1320 
gatgttcatc gacaaattcc cgaggaccga ttcaacgcag agctccatta cgacgctact 1380 
gggcgacgta agaacaccag caaggtcatg aacggctgct tcatcaagga accaggactg 1440 
ctcgacgcta ggttcttcaa catgtctcca aaggaagctg agcagtcgga tcctggccag 1500 
egaatggccc tcgaaacagc ttacgaggcg cttgagatgg ctagtatcgt accagacaga 1560 
acaccttcga cacagagaga tcgcgccggt gtgttctacg gcatgactag cgatgattgg 1620. 
agagaggtca acagtgggea gaatgfccgac acttatttta ttcctggtaa gttgtttgtt 1680 
cgegtcccac gacaatactg attgcagact acaggtggca acagagcgtt cactcctggt 1740 
cgactcaact acttcttcaa gttcagtggg cctagcgcta gtgttgatac ggcttgctcc 1800 
tccagtctcg ttggcttgca ctcggcttgt aattccctct ggagaaacga ttgcgacaca i860 
gctattgcgg gcggaaccaa tgtcatgact aaccctgaca acctcgctgg tttggaccga 1920 
ggccacttcc tatctagaac cggtaagtct cceacagatc ttggaagctt ccttcttttt 1980 
agtgttccca ctgaccttgc tccaggcaac tgcaacacct ttgacgatgg agcagacgga 2040 
tactgtcgag ctgatggcgt cggaaccatc atcctcaagc ggcttgagga cgccgaagcc 2100 
gacaatgacc ctatceccgg tgtcattctg ggcgcttaca caaaccactc agccgaagca 2160 
gtabceatea cbcgaccaca tgccggagct eaagagtaca tcttctccaa actcctccgb 2220 
gagccgggca ccgatcccta caacgttagc tacatcgaga tgcacggeac aggcactcaa 2280 
gccggcgacg caaccgagat gacatccgtc ctcaagaegt ttgctcctac cagcggcttc 2340 
ggcggtcgat cgcctcacca aaaccttcac tcgggcccag tcaaggccaa tgtcgggcac 2400 
ggtgaatccg cacctggtat cattgctctg atcaagacgc tgcttatgat ggagaagaac 2460 
atgatcccgc cgcattgtgg fcatcaagaca aagatcaatc accatttccc tacggacctc 2520 
actcagcgca atgtccatat cgccaaagtt ccgacatctt ggacaagatc gggtcaagcc 2580 
aatccacgca ttgctttcgt caataacttc tctgccgctg gtggtaactc tgctgtccta 2640 
ecgcaagacg ctcctcagcc atcggtagtt ccggatgtta cagaccctcg cacatcccat 2700 
gttgtcacta tgtccgctcg atcagcagat tccctcagga agaacctcgc caatctcaag 2760 
gagcttgtag aaggccaagg cgactcggag gtcggctccc cgagcaagct gtcctacaca 2820 
accaccgcca ggcgcatgca teatcaattc cgagcttcgg tcacagcaca gactcgtgaa 2880 
cagctgctga agggccccga ttccgccatt gaaegccagg acgtgaagag gatccccgcc 2940 
gccgcgccct ctgtcggctt tgtgtttagc ggccaaggcg cccaataccg tggtatgggc 3000 
aaggagtact ttacatcttc cacagccttc cgctctgaga tcatgtctta cgacagtatc 3060 
gcccaagccc aaggcttccc gtcaatcctc ccactgatee gaggagaggt ggaagctgac 3120 
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tcgttgagtc ccgctgagat ccagctgggt ctcacttgcc tgcagatggc actggccaag 3180 
ctatggaagt cattcggtgt tgagccaggc fcttgttctcg gacacagctt aggccactat 3240 
gctgctttac acgtcgctgg tgttctgtcc gccaatgata ccatttacct cactggcatc 3300 
agagcgcagc tgctcgtgga caagtgccag gcaggaaccc actcaatgcc ggcagtgagg 33 60 
gcatcctcac cacagaccca acagttcct:c gatgccaaca Ctcacgaggt tgcatgtgtc 3420 
aafcggttcac gagaagtcgt catcagtgga cgcgttgccg acattgacca gccggtcggc 3480 
ccttcgtcgg ctgacaacat caaggcgacc cgcgtcaagg tgccatttgc cttcca'ctca 3540 
gcgcaggttg accccattct ctccgactitig gatacagcgg cgtcgcgcgt caccttccac 3600 
tccctccaga ttcctgttct ttgtgccctt gacagcbetg tcatcagccc tggaaaccat 3660 
ggiigtcattg gtccccttca tctacagcga cactgtcgcg agacagtcaa ctttgagggt 3720 
gcbctacatg ctgcggagca cgagaagatc atcaacaaga catcaactct atggatcgag 3780 
aciiggtcccc atgttgtctg ctctaccttc ctcaagtcca gccttggtcc aagcacacct 3840 
gctahcdfcat cgcttcgccg aaatgacgat tgctggaagg tgt&ggctga tggtttgagc 3^00 
agtictctaca gcagcgggtt gacaaccgac ttgaacgagt atcatcgcga cttcaaggcc 3 960 
tctcaccagg tacttcgtct gccttgttac agctgggagc acaagaatta ctggatacag 4020 
tacaagtacg atcggccctt ggctaaaggt gatcctccaa ttgcccctaa cagctcggtt 4080 
gaagcagtct: cagctittatc aacaccctcg gcccagaaga ctctacagga gacttccctt 4140 
gafccaggcat tgactatcgt tgctgagaca gatctcgcga gccctctatt gtcagaggtt 4200 
gcccaaggtc atcgggtcaa cggtgtcaaa gtctgcacat cttccgtgta cgctgangtt 4260* 
ggcttgacgc tgggtaagta cattttggac aactaccgca ccgacttaga gggttatgcg 4320 
gtcgatgttc acggtat:tga ggtccacaag ccactrtctcc tcaaagaaga catgaacgga 4380 
acgccccagg ctacaccgtt ccgcatcgaa gtgcgatacc caatccagag caccacggcg 4440 
ccgatgagca tctccaccac tggccccaac ggtcagcaca tcaagcatgc taactgcgaa 4500 
cttcgactcg agcatccgtc gcaatgggaa gcggagtggg atcgccaagc ctacctcatc 4560 
aatcgcagcg tcaactgcct cctgcagcga tcagcacaag gtttggacag catgttggca 4620 
accggaatgg tctacaaggt cttctcctcc ctcgtcgact atgccgatgg ctacaagggt 4680 
ctcfcaggagg ttgtcttgca cagccaagag ctcgagggca cagcaaaagt gcgcttccaa 4740 
actccctcgg gaggtttcgt ctgcaacccc atgtggattg acagctgtgg tcagacgacc 4800 
ggcttcatga tgaactgtca tcagactacg eeeaatgact acgtctacgt caatcatggc 4860 
cgcaagtcga tgagattggc caaggcgttc cgtgaagatg gtacccaccg gacttatatc 4920 
cggatgaggc ccattgatag caccaagttc gctggtgact tgtacattct tgatgaggat 4980 
gacaccgcgg tcggtgttta tggagacatia acaacgagta acacgaatcc tcgbcaacaa 5040 
caatgctaac gtaaagaaca gttccaaggt ttgccgcgac gagttctcaa cacagtcttg 5100 
ccatctgcca acgcggttcc agttgatgct cccatgggtc gacgggacgt gcctccatca 5160 
agaacggatg tgccLcccgt caggtccggt gaagggccac ccacttcagc acccacgcag 5220 
caagctatcg ctctgccgtt cgcagccgat acatccatgg actcccgatt gagacctctt 5280 
cctcgcatcc tgtcagaaga gatcggtctc ggtcttgacg ctcttccgga cgatgaactc 5340 
gacttngcgg accacggtgt cgactcactc ctctcattga ccatcactgg tcgcatgcgt 5400 
gaggaattgg gtctcgacgt tgaacctaca gcattcatga actgtcccac tttgggcagc 5460 
tttaaattgt tcctaggact tgtcgatcag gacaataagg gcagcagcgg cagtgatggc 5520 
agtggragga gcagtccagc accgggtacc gagtctggcg ctactacacc acctatgagc 5580 
gaagaggacc aggaeaagat agtcagcagt cactcgcttc accagttcca agccagttcg 5640 
acgcttctac agggcagtcc cagtaaagcc cgctcgactt tgttcttgct accagatggc 5700 
tcgggatctg ccacatccta cgcttccctt cccccgatct ctccagacgg agatgttgcc 5760 
gcccacgggt tgaactgtcc atggctgaag gactctagtt acctcgtcga gtttggactc 5820 
aagggcttga cagagctcta tgtcaacgag atactccgtc gcaagccaca gggtccttac 5880 
aatttgggag gatggtcagc cggtggcatt tgcgcttatg aagctgccct gatcctcacc 5940 
agagcaggac accaagtcga tcgccttatc ttgattgact ctcccaatcc cgttggtctc 6000 
gagaagctac ctcctcgctt gtacgatttc ctcaabtcgc agaatgtctt tggatcagac 6060 
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aacccgcaca gcactgctgg aacaagcgtc aaagctccag aatggcttct tgcacatttc 6120 
ctggccttca ttgacgctct ggatgcttat gtcgcagtgc cttgggactc tggtctagtc 6180 
ggtctagcat caccgcfcccc tgcaccgecg cagacataca tgctgtgggc agaagacgga 6240 
gtt^gcaaag actctgatag Cgcccgtccc gagtaccgtg acgatgaccc acgcgagatg 6300 
aga-3ggctgt tggagaacag aacaaacttt ggtccgaatg gttgggaggc gctacttggt 6360 
ggcaaagagg gtttgttcat ggatcggatt gcggaagcga atcatcttag tatgctgaag 6420 
agaggacgga atgcggaata tgtctctgca ttcctggctc gggccttgga caattagcga 6480 
tggagagggc tgtttgtgta tttatgttta ttcttctttg atgtttgtat ttctttgtct 6540 
ttc-catcat tcagatagaa gcagcagatt gccttcattc ttcataaatc actacagaaa 6600 
taagttcg gg^g 

<210> 5 

<2i:i> 62ia . , 

<212> DNA 

<213> Fusarium gramineariim 

<220> 

<221> CDS 

<222> (1) . . (6216) 



<400> 5 

atg acc cca tea atg atg gag gta ttc gtt ttt ggg gac caa age aca 
Met Thr Pro Ser Met Met Glu Val Phe Val Phe Gly Asp Gin Ser Thr 
15 10 15 



48 



cgc ttt gcc ccc cca ctg aaa gac eta etc etc aaa ggc aac agt cct 96 
Arg Phe Ala Pro Pro Leu Lys Asp Leu Leu Leu Lys Gly Asn Ser pro 
20 25 30 

tac ttg aca cat ttc get aaa caa gtt cac gca ctt ctt aga agg gag 144 
Tyr Leu Thr His Phe Val Lys Gin Val His Ala Leu Leu Arg Arg Glu . . . 
35 40 45 

ata tea tec ttg ccg gca gtt caa cag aag cct ttc cca aac ttt gcc 192 
He Ser Ser Leu Pro Ala Val Gin Gin Lys Leu Phe Pro Asn Phe Ala 
50 55 60 

gac att cag gaa etc gtc tec aag tea gat tgg ggc agt ggt aac cct 240 
Asp He Gin Glu Leu Val Ser Lys Ser Asp Trp Gly Ser Gly Asn Pro 
65 70 75 80 

get ttg aca age get tta gca tgc ttb tac cat ctt tgc agt ttc att 288 
Ala Leu Thr Ser Ala Leu Ala Cys Phe Tyr His Leu Cys Ser Phe He 

85 90 95 

cac ttt tac gat gga caa ggt cgt ace ttt cct teg gag aac agt cgc ' 336 
His Phe Tyr Asp Gly Gin Gly Arg Thr Phe Pro Ser Glu Asn Ser Arg 
100 lOS 110 



act ate gga ctt tgc gtt ggt tea etc get get act get gtc agt tgc 
He He Gly Leu Cys Val Gly Ser Leu Ala Ala Thr Ala Val Ser Cys 
115 120 125 



384 
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tec aca tc* ctg agt gaa teg gta tea get ggt gta gat get gtt egt 432 
Ser Thr Ser Leu Ser Glu Leu Val Ser Ala Gly. Val Asp Ala Val Arg 

130 135 140 

gtg gca ttg eac gtc gga eta egg gta tgg ega aet aee tec ett tte 480 
val Ala Leu His Val Gly Leu Arg Val Trp Arg Thr «»r Ser Leu Phe 
145 150 

gat gta eea gae agg ecc tec gcc aet tgg etc ata att gtg eee gag 528 
val pro ASP Arg Pro Ser Ala Thr Trp Phe He He Val Pro Glu 
165 170 
gca gta eta eca aga gaa tct geg eaa gae ega ett gae tea tte ate 576 
Ala Val Leu Pro Arg Glu Ser Ala Gin Asp Arg Leu Asp Ser- Phe He 

180 185 190 

att ga^ atg gga ett get ega tea tea gtt eet tae ate a^ teg gtc «4 
lie Glu Met Gly Leu Ala Arg Ser Ser Val Pro Tyr He Ser Ser Val 
195 200 205 

gca eat eae aac atg aee ate agt ggt eca eea tee gte etc gaa aag 672 
Ila His His Asn Met Thr He Ser Gly Pro Pro Ser Val Leu Glu Lys 

210 215 220 

tte att eae agt ata tea aca tea eeg aaa gat tet ett eea gtg ceg 720 
Phe iL His ser lie Ser Thr Ser Pro -Lys Asp Ser Leu Pro val Pro 
225 230 235 240 

ate tat get eeg' tae eae gee age eat ett tae age atg gat gat gta 758 
I^e Tyr La Pro Tyr His Ala Ser His Leu Tyr Ser Met Asp Asp Val 
245 250 255 

gae gag gte ett age etg tet gea cct tet t-tt gea tea gag tee ate 816 
Glu ?al Leu Ser Leu Ser Ala Pro Ser Phe Ala Ser Glu Ser He 
260 265 270 

att eca cte att tea age tec teg ggt gae gag tta eag eca cte aag 864 
I^e pro Leu xle Ser Ser Ser Ser Gly Asp Glu Leu Gin Pro Leu Lys 
275 



280 285 



tat gea gat eca etc ege tge tgc gtt agt gat atg cte ata eag eea 
Tyr Ala Asp Leu Leu Arg Cys Cys Val Ser Asp Met Leu He Gin Pro 



290 



295 300 



ctg gat ett ace aag gte tea eaa. gea gtg gee eag ett etc gag gtt 
Leu ASP Leu Thr Lys Val Ser Gin Ala Val Ala Gin Leu Leu Glu Val 
305 .310 

ase tea tct aca cgt gcc ata ata aag eet ata gca aee age gte tee 
ser ser Ser Thr Arg Ala He He Lys Pro He Ala Thr Ser val Ser 

325 330 
aac agt eta gtg tct gtt ttg gag eeg aeg eta gca gaa ega tgc gee 
Asn ser III Ser Val Leu Glu Pro Thr Leu Ala Glu Arg Cys Ala 

340 



912 



960 



1008 



1056 



345 350 
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gcg gac aac age acg ggg ccc aaei gcc teg acc age cac tea tea gca 1104 
Val A3P Asn Ser Mec Gly Pro Lys Ala Ser Thr Ser His Ser Ser Ala 
355 360 365 

gag aca caa ace gag tea tea age aag aac tec aaa att gcg att gtt 1152 
Glu Thr Gin Thr Glu Ser Ser Ser Lys Asn Ser Lys lie Ala He Val 
370 375 380 

get atg ccc ggt cgc ttt cca gac gca get gac ttg agt gaa ccc tgg 1200 
Ala Met Ser Gly Arg Phe Pro Asp Ala Ala Asp Leu Ser Glu Pba Trp 
385 390 395 400 

gat etc etc tac gaa ggc cgc gat gtc cat cga caa att ccc gag gac 1248 
Asp Leu Leu Tyr Glu Gly Arg Asp Val His Arg Gin lie Pro Glu Asp 
405 410 415 

ega ttc aac gca gag etc cat Cac gac get act ggg cga cgc aag aac 1296 
Arg Phe Asn Ala Glu Leu His Tyr Asp Ala Thr Gly Arg Arg Lys Asn 
420 425 430 

acc age aag gCc atg aat ggc tgc ccc ate aag gaa cca gga ctg tec 1344 
Thr Ser Lys Val Mec Asn Gly Cys Phe lie Lys Glu Pro Gly Leu Phe 
435 440 445 

gac get agg bcc etc aac atg tct cca aag gaa get gag cag teg gat 1392 
Asp Ala Arg Phe Phe Asn Met Ser Pro Lys Glu Ala Glu Gin Ser Asp 
450 455 460 

ccc* ggc cag cga atg gcc etc gaa aca get cac gag gcg ccc gag acg 1440 
Pro Gly Gin Arg Met Ala Leu Glu Thr Ala Tyr Glu Ala Leu Glu Met 
465 470 475 480 

get agt ate gta cca" gac aga aea cct teg aca cag aga gat cgt gtt .1488 
Ala Ser He Val Pro Asp Arg Thr Pro Ser Thr Gin Arg Asp Arg Val 
485 490 495 

ggt gtg ttc tac ggc acg act age gat gat tgg aga gag gtc aac agt 1536 
Gly Val Phe Tyr Qly Met Thr Ser Asp Asp Trp Arg Glu Val Asn Ser 
500 505 510 

ggg cag aat gtc gac act tat ttc ate ccC ggt ggc aac aga gcg ttc 1584 
Gly Gin Asn val Asp Thr Tyr Phe lie Pro Gly Gly Asn Arg Ala Phe 
515 520 525 

act cct ggc cga etc aac tac ttc ttc aag ttc agt ggg cct age get 1632 
Thr Pro Gly Arg Leu Asn Tyr Phe Phe Lys Phe Ser Gly Pro Ser Ala 
530 535 540 

agt get gac acg geC tgc tec tec agt etc gtt ggc ttg cac ttg get 1680 
Sei' Val Asp Thr Ala Cys Ser Ser Ser Leu Val Gly Leu His Leu Ala 
545 550 555 560 

tgt aat tec etc' egg aga aat gat cgc gac aca get att gcg ggc gga 1728 
Cys Asn Ser Leu Trp Arg Asn Asp Cys Asp Thr Ala Xle Ala Gly Gly 
565 S70 575 
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1776 



aca aga teg ggt caa gcc aat cca cgc att get ttc gtc aat aac ttc 
Thr Arg Ser Gly Gin Ala Asn Pro Arg lie Ala Phe val Asn Asn Ph© 
785 790 795 800 



1824 



acc aat gtc atg act aac cct gac aac etc get ggt ttg gac cga ggc 
Thr Asa Val Met Thr Asn Pro Asp Asn Phe Ala Gly Leu Asp Arg Gly 
580 585 590 

cac ttc eta tot aga acc ggc aac tgc aac acc ttt gac gat gga gca 
His Phe l-eu Ser Arg Thr Gly Asn Cys Asn Thr Phe Asp Asp Gly Ala 
595 600 605 

gac gga cac tgt cga get gat ggc gtc gga acc ate ate etc aag egg 1872 
Asp Gly Tyr Cys Arg Ala Asp Gly Val Gly Thr lie He Leu Lys Axrg 
610 615 620 

ctt gag gac gcc gaa get gac aac gac cct att etc ggt gtc att ctg 1920 
Leu Glu Asp Ala Glu Ala Asp Asn Asp Pro He Leu Gly Val He Leu 
625 630 635 640 

ggc get tac aca aac cac tea gcc gaa gca gta tee ate act cga cca 1968 
Gly Ala Tyr Thr Asn His Ser Ala Glu Ala val Ser He Thr Arg Pro 
645 650 655 

cat gee gga get caa gag tac acc etc tec aaa etc etc cgc gag teg 2016 
His Ala Gly Ala Gin Glu Tyr He Phe Ser Lys Leu Leu Arg Glu Ser 
660 665 670 

ggc acc gat ccc tac aac gtt age tac ate gag atg cac ggc aca ggc 2064 
Gly Thr Asp Pro Tyr Asn Val Ser Tyr He Glu Met His Gly Thr Gly 
675 680 685 

acc caa gcc ggc gac gca acc gag atg aca tec gtc etc aag acg ttt 
Thr Gin Ala Gly Asp Ala Thr Glu Met Thr Ser Val Leu Lys Thr Phe 
690 695 700 

get e.q.t«.eLec .age ggc ttc ggc ggt cga ttg cct cac caa aac ctt cac 
- Ala Pro Thr Ser Gly Phe Gly Gly Arg Leu Pro His Qln Asn Leu His 
705 710 715 720 

ttg ggt tea gtc aag gcc aat gtc ggg cac ggt gaa tec gca tct ggt 2208 
Leu Gly Ser Val Lys Ala Asn val Gly His Gly Glu Ser Ala Ser Gly 
725 730 735 

acc act get ctg ate aag acg ctg ctt atg atg gag aag aac atg ate 2256 
He He Ala Leu He Lys Thr Leu Leu Met Met Glu Lys Asn Met He 
740 745 750 

ccg ccg cat tgt ggt ate aag aca aag ate aat cac eat ttt cct acg 2304 
Pro Pro His Cys Gly He Lys Thr Lys He Asn His His Phe Pro Thr 
755 760 765 

gat etc act cag cgc aac gcc cat ate gee aaa gtt ccg aca tct tgg 2352 
Asp Leu Thr Gin Arg Asn Val His He Ala Lys Val Pro Thr Ser Txp 
770 775 780 



2112 



2160 



2400 
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tct gcc get ggt ggt aac tct get gtc eta ctg caa gat get cot" ca'g 2448 
Ser Ala Ala Gly Gly Asn Ser Ala Val Leu Leu Gin Asp Ala Pro Gin 
805 810 815 

cca teg gta gtt teg gat gtt aca gac cct cgc aca tec cat gtt gtc 2496 
Pro Ser Val Val Ser Asr Val Thr Asp Pro Arg Thr Ser His Val Val 
820 825 830 

act atg tec get cga tea gca gat tec etc agg aag aac etc gcc aat 2544 
Thr Met Sex Ala Arg Ser Ala Asp Ser Leu Arg Lys Asn Leu Ala Asn 
835 840 845 

etc aag gag ctt gta gaa ggc caa ggt gac teg gag gtc ggc tcc ctg 2592 
Leu Lys Glu Leu Val Glu Gly Gin Gly. Asp Ser Glu Val GlyPhe Leu 
850 855 860 

age aag ctg tcc tac aca ace ace gcc agg cgc atg cat cat caa ttc 2640 
Ser Lys Leu Ser Tyr Thr Thr Thr Ala Arg Arg Met His His Glzx Phe 
865 870 875 880 

ega get teg gtc aca gca eag ace cgt gaa cag ctg ctg aag ggc ctt 2688 
Arg Ala Ser Val Thr Ala Gin Thr Arg Glu Gin Leu Leu Lys Gly Leu 
885 890 ' 895 

gac tcc gcc att gaa cgc cag gat gtg aag agg ate cec gcc gcc gcg 2736 
Asp Ser Ala He Glu Arg Gin Asp Val Lys Arg He Pro Ala Ala Ala 
900 905 910 

ccc tct gtc ggc ctt gtg ttt age ggc caa ggc gcc caa tac cgt ggt 2784 
Pro Ser val Gly Phe Val Phe Ser Gly Gin Gly Ala Gin Tyr Arg Gly 
915 920 925 

^tg. ggc aag .gag tac ttt aca. tct ttc aca gcc tcc cgc tct. gag ate. 2832 . 
Met Gly Lys Glu Tyr Phe Thr Ser Phe Thr Ala Phe Arg Ser Glu He " 
930 935 940 

atg tct tac gac agt ate gee caa gcc caa ggc ttc ccg tea ate etc 2880 
Met Ser Tyr Asp Ser He Ala Gin Ala Gin Gly Phe Pro Ser He Leu 
^45 950 955 9-60 

cca ctg ate cga gga gag gtg gaa gcc gac teg ttg agt cct gtt gag 2928 
Pro Leu He Arg Qly Glu Val Glu Ala Asp Ser Leu Ser Pro Val Glu 
965 970 975 

ate cag ctg ggc etc act tgc ctg cag atg gca ctg gcc aag eta tgg 2976 
He Gin Leu Gly Leu Thr Cys Leu Gin Met Ala Leu Ala Lys Leu Trp 
980 985 990 

aag tea ttc ggt gtt gag cca ggc ttt gtt etc gga cac age tta ggc 3024 
Lys Ser Phe Gly Val Glu Pro Gly Phe Val Leu Gly His Ser Leu Gly 
995 1000 1005 

cac tat get get tea cac gtc get ggt gtt ctg tcc gcc aat gat acc 3072 
His Tyr Ala Ala Leu His Val Ala Gly Val Leu Ser Ala Asn Asp Thr 
1010 1015 1020 
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act tac etc act ggc ate aga gcg cag ctg etc gtg gat aag tgc cag 
He Tyx Leu Thr Gly He Arg Ala Gin Leu Leu Val Asp Lys Cys CJln 
1025 1030 1035 1040 

gca gga acc cac tea atg ctg gca gtg agg gca tec tta eta cag ate 
Ala Gly Thr His Ser Met Leu Ala Val Arg Ala Ser Leu Leu Gin He 
1045 1050 1055 

caa cag etc etc gat gee aac att cac gag gtt gca tgt gtc aat ggt 
Glr. Gin Phe Leu Asp. Ala Asn He His Glu Val Ala Cys val Asn Gly 
1060 1065 1070 

tea cga gaa gtc gtc ate agt gga cge gtt gcc gac acc gac cag ctg 
Ser Arg Glu Val Val He Ser Gly Arg Val Aia Asp He Asp Gin Leu 
1075 1080 1085 

get ggc ctt ttg teg get gac aac ate aag gcg acc egc gtc aag gtg 
Val Gly Leu Leu Ser Ala Asp Asn He Lys Ala Thr Arg Val Lys Val 
109O 1095 1100 

cca ttt gcc ttc cac tea gcg cag gtt gac ccc att etc tec gac ctg 
Pre Phe Ala Phe His Ser Ala Gin val Asp Pro He Leu Ser Asp Leu 
1105 1110 1115 1120 

gat aca gcg gcg teg cgc gtc acc ccc cac tec etc cag att cct gtt 
Asp Thr- Ala Ala Ser Arg Val Thr Phe Hie Ser Leu Gin He Pro Val 
1125 1130 1135 

ctt tgt gcc ctt gac age tct gtc ate age cct gga aac cat ggt gtc 
Leu Cys Ala Leu Asp Ser Ser Val He Ser Pro Gly Asn His Gly Val 
1140 1145 1150 

act ggc ccc ctt cac cca cag cga cat tgt cgc gag aca gtc aac ttt 
He Gly Pro Leu His Leu Gin Arg His Cys Arg Glu Thr Val Asn Phe 
1155 1160 1165 

gag ggt get eta cat get gcg gag cac gag aag ate atC' aac aag aca 
Glu Gly Ala Leu His Ala Ala Glu His Glu Lys He He Asn Lys Thr 
1170 1175 . 1180 

tea act eta tgg ate gag att ggt ccc cat gtt gtc tgc tct acc ttc 
ser Thr Leu Trp He Glu He Gly Pro His Val Val Cys Ser Thr Phe 
1185 1190 1195 1200 

etc aag tec age ctt ggt cca age aca cot get ate gca teg ctt cgc 
Leu Lys Ser Ser Leu Gly Pro Ser Thr Pro Ala He Ala Ser Leu Arg 
1205 1210 1215 

cga aat gac gat tgc tgg aag gtg ttg get gat ggt ttg age agt etc 
Arg ASH Asp Asp Cys Trp Lys Val Leu. Ala Asp Gly Leu Ser Ser Leu 
1220 1225 1230 

tac age age ggg ctg aca att gac ttg aac gag tat cat cgc gac ttc 
Tyr Ser Ser Gly Leu Thr He Asp Leu Asn Glu Tyr His Arg Asp Phe 
1235 1240 . 1245 



3120 



3168 



3216 



3264 



3312 



3360 



3408 



3456 



3504 



3552 



3600 



3648 



3696 



3744 
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aag gcc tcfc cac cag gta ctt cgt ctg cct tgt tac age tgg gag cac 3792 
Liys Ala Ser His Gin Val Leu Arg Leu Pro Cys Tyr Ser Trp Glu His 
1250 1255 1260 

aag aat tac fcgg ata cag tac aag tac gat tgg tec ttg get aaa ggt 3.840 
Lys Asn Tyr Trp lie Gin Tyr Lys Tyr Asp Trp Ser Leu Ala Lys Gly 
1265 1270 1275 1280 

gat cct cca ate gcc cct aac age teg gtt gaa gca gtc tea get tta 3888 
Asp Pro Pro lie Ala Pro Asn Ser Ser Val Glu Ala Val Ser Ala Leu 
1285 1290 1295 

tea aca ccc teg gtc eag aag att eta cag gag act tee ett gat cag 3936 
Ser Thr"Pro Ser val Gin Lys lie Leu Gin Glu Thr Ser Leu Asp Gin » 
1300 1305 1310 

gta ttg act ate gtt get gag aca gat etc gcg age cct eta ttg tea 3984 
Val Lsu Thr lie Val Ala Glu Thr Asp Leu Ala Ser Pro Leu Leu Ser 
1315 1320 1325 

gag gtt gcc caa ggt cat egg gtc aac ggt gtc aaa gte tge aca tct 4032 
Glu Val Ala Gin Gly His Arg Val Asn Gly Val Lys val Cys Thr Ser 
1330 1335 1340 

tec gtg tac get gat gtt ggc ttg acg ctg ggt aag tac att ttg gac 4080 
Ser val Tyr Ala Asp val Gly Leu Thr Leu Gly Lys Tyr He Leu Asp 
1345 1350 1355 1360 

aac tac cge acc gac tta gag ggt tat gcg gtc gat gtt cac ggt att 4128 
Asn Tyr Arg Thr Asp Leu Glu Gly Tyr Ala Val Asp Val His Gly He 
1365 1370 1375 

gag gtc cac aag cca ctt ctt etc aaa gaa gac atg aac gga aeg ccc 4176 
Glu Val His Lys Pro Leu Leu Leu Lys Glu Asp Met Asn Gly Thr Pro 
1380 1385 1390 

cag get aca ccg ttc ego ate gaa gtg cga tac cca ate eag age ace 4224 
Gin Ala Thr Pro Phe Arg He Glu Val Arg Tyr Pro He Gin Ser Thr 
1395 1400 1405 

acg geg ctg acg age ate tee acc act ggc ccc aac ggt cag eac ate 4272 
Thr Ala Leu Met Ser He Ser Thr Thr Gly Pro Asn Gly Gin His He 
1410 1415 1420 

aag cat get aac tgc gaa ctt cga etc gag cat ccg teg caa tgg gaa 4320 
Lys His Ala Asn Cys Glu Leu Arg Leu Glu His Pro Ser Gin Trp Glu 
1425 1430 1435 1440 

gcg gag tgg gat cge caa gcc cac etc ate aat cge age gte aac tgc 4368 
Ala Glu Trp Asp Arg Gin Ala Tyr Leu He Asn Arg Ser Val Asn Cys 
1445 1450 1455 

ctt ctg cag cga tea gca caa ggt ttg gac age atg ttg gca acc gga 4416 
Leu Leu Gin Arg Ser Ala Gin Gly Leu Asp Ser Met Leu Ala Thr Gly 
1460 1465 1470 



BA.3F Aktixengesell^^ft 20020174 'sT: S'^ ^"^"^l^^ 



17 

ats" gtc cac aag gtc etc tec tec etc gtc gac tat gcc gac ggc tac 4464 
Met Val Tyr Lys Val Phe Ser Scr Leu Val Asp Tyr Ala Asp Gly Tyr 
1475 1480 1485 

aag ggt ctg cag gag gtt gtc ttg cac age caa gag etc gag ggc aea 4512 
Lys Gly Leu Gin Glu Val Val Leu His Ser Gin Glu Leu Glu Gly Thr 
1490 1495 1500 

gee. aaa gtg cgc ttc caa act ccc cog gga ggt ttc gtc tgc aat ccc 4560 
Ala Lys Val Arg Phe Gin Thr Pro Ser Gly Gly Phe Val Cys Asn Pro 
15C5 1510 1515 1520 

atg tgg att gac age tgt ggt cag acg acc ggc ttc atg atg aac tgt 4608 
Met Trp Xle Asp Ser Cys Gly Gin Thr Thr Gly Phe Met M^t Asn Cys 
1525 1530 1535 

cat cag acc acg ccc aat gac tac gtc tac gtc aat cac ggc tgg aag 4656 
His Gin Thar Thr Pro Asn Asp Tyr Val Tyr Val Asn His Gly Trp Lys 
1540 1545 1550 

teg aLQ aga ccg gcc aag gcg ttc cgt gaa gat ggt acc tat egg act 4704 
Ser Met Arg Leu Ala Lys Ala Phe Arg Glu Asp Gly Thr Tyr Arg Thr 
1555 1560 1565 

tat ate egg atg agg ccc att gat age acc aag ttc get ggt gac teg 4752 
Tyr He Arg Met Arg Pro Xle Asp Ser Thr Lys Phe Ala Gly Asp Leu 
1570 ^ 1575 1580 

cac ate ctt gat gag gat gac act gtg gtt ggt gtt tat gga gac ata 4800 
Tyx' He Leu Asp Glu Asp Asp Thr Val Val Gly Val Tyr Gly Asp He 
1585 1590 1595 1600 

aca ttc caa ggt ttg ccg cga ega -gtt etc aac aea gtc ttg cca tct 4848- 
Thr Phe Gin Gly Leu Pro Arg Arg Val Leu Asn Thr Val Leu Pro Ser 
1605 1610 1615 

gcc aac gcg gtt cca gtt gat get ccc atg ggt cga egg gac gtg ect 4896 
Ala Asn Ala Val Pro Val Asp ^a Pro Met Gly Arg Arg Asp Val Pro 
1620 , 1625 1630 

cca tea aga atg gat gtg cct ccc gtc agg tec ggt gaa ggg cca ccc 4944 
Pre Ser Arg Met Asp Val Pro Pro Val Arg Ser Gly Glu Gly Pro Pro 
1635 ' 1640 1645 

act tea gca ccc acg cag caa get acc get ctg ccg ttc gca gee gat 4992 
Thr Ser Ala Pro Thr Gin Gin Ala Xle Ala Leu Pro Phe Ala Ala Asp 
1650 1655 1660 

aca tec acg gac tec ega ttg aga cct ctt ctt cgc ate ttg tea gaa 5040 
Thr Ser Met Asp Ser Arg Leu Arg Pro Leu Leu Arg lie Leu Ser Glu 
1665 1670 167S 1680 

gag ate ggt etc ggt ctt gac gtt ctt teg gac gat gaa etc gac ttt 5088 
Glu He Gly Leu Gly Leu Asp Val Leu Ser Asp Asp Glu Leu Asp Phe 
1685 1690 1695 
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gcg gac cac ggt gcc gac tea etc etc tea ttg acc ate act ggt cgc 5136 
Ala Asp His Gly Val Asp Ser Lea Leu Ser Leu Thr lie Thr Gly Arg 
1700 1705 1710 

atg cgt gag gaa ttg ggt etc gac gtt gaa tct aca gca ttc atg aac 5184 
Met Arg Glu Glu Leu Gly Leu Asp Val Glu Ser Thr Ala Phe Met Asn 
1715 1720 1725 

tgt ccc act ttg ggc age ttt aaa ttg ttc eta gga ctt gtc gat cag 5232 
Cys Pro Thr Leu Gly Ser Phe Lys Leu Phe Leu Gly Leu Val Asp Gin 
1730 173 5 1740 

gac aat aag ggc age age ^gc agt gat ggc agt ggt ^gg age agt cca 5280 
Asp Asn Lys Gly Ser ser Gly Ser Asp Gly Ser Gly Arg Ser Ser Piso 
1745 1750 1755 1760 

gca cog ggt acc gag tct ggc get act aca cca cct atg age gaa gag 5328 
Ala Pro Gly Thr Glu Ser Gly Ala Thr Thr Pro Pro Met Ser Glu Glu 
1765 1770 1775 

gac cag gac aag ata gtc age agt cac teg ctt cac cag ttc caa gcc 5376 
Asp Gin Asp Lys lie Val Ser Ser His Ser Leu His Gin Phe Gin Ala 
1780 1785 1790 

agt teg acg etc cca cag ggc agt ccc agt aaa get cgc teg act teg 5424 
Ser Ser Thr Leu Leu Gin Gly Ser Pro Ser Lys Ala Arg Ser Thr Leu 
1795 1800 1805 

ttc ttg cca cca gat ggc teg gga tct gcc aca tec tac get tec ctt 5472 
Phe Leu Leu Pro Asp Gly Ser Gly Ser Ala Thr Ser Tyr Ala Ser Leu 
1810 • 1815 1820 

ccc ccg ate tct cca gac gga gat gtt get gtc tac ggg ttg aac . tgt 5520 
Pro Pro lie Ser Pro Asp Gly Asp Val Ala Val Tyr Gly Leu Asn Cys 
1825 1830 1835 * 1840 

cca tgg ccg aag gac tct agt tac etc gtc gag ttc gga etc aag ggc 5568 
Pro Trp Leu Lys Asp Ser Ser Tyr Leu Val Glu Phe Gly Leu Lys Gly 
1845 1850 1855 

ttg aca gag etc tat gtc aac gag ata etc cgt cgc aag cca cag ggt 5616 
Leu Thr Glu Leu Tyr Val Asn Glu lie Leu Arg Arg Lys Pro Gin Gly 
1860 1865 1870 

cct tac aat ttg gga gga tgg tea gcc ggt ggc act tgc get tat gaa 5664 
Pro Tyr Asn Leu Gly Gly Trp Ser Ala Gly Gly lie Cys Ala Tyr Glu 
1875 1880 1885 

gcc gcc ctg ate etc acc age gca gga cac caa gtc gat cgc ctt ate 5712 
Ala Ala Leu lie Leu Thr Arg Ala Gly His Gin Val Asp Arg Leu He 
1890 1895 1900 



ttg att gac tct ccc aat ccc gtt ggt ctt gag aag eta cct ect cgc 
Leu lie Asp Ser Pro Asn Pro Val Gly Leu Glu Lys Leu Pro Pro Arg 
1905 1910 1915 1920 



57^60 
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cat ttc age atg teg aag aga gga egg aat gcg gaa tat gtc tct gca 
His Phe Ser Met. Leu Lys Arg Gly Arg Asn Ala Glu Tyr Val Ser Ala 
2050 2055 2060 

ttc ctg get egg gee teg gac aat tag 
Phe Leu Ala Arg Ala Leu Asp Asn 
2065 2070 

<210> 6 
<211> 2072 
<212> PRT 

<213> Fusarium erraminearum 
<400> 6 

Met Thr Pro Ser Met Met Glu Val Phe Val Phe Gly Asp Gin Ser Thr 
15 10 15 

Arg Phe Ala Pro Pro Leu Lys Asp Leu Leu Leu Lys Gly Asn Ser Pro 
20 25 30 

Tyr Leu Thr His Phe Val Lys Gin Val His Ala Leu Leu Arg Arg Glu 
35 40 45 



5856 



5904 
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ttg tac gat ttc etc aat ecg cag aat gtc ttt gga tea gac aac ccg 5808 
Leu Tyr Asp Phe Leu Asn Ser Gin Asn Val Phe Gly Ser Asp Asn Pro 
1925 1930 1935 

cac age act get gga aca age gtc aaa get cca gaa tgg ctt ctt gca 
His Ser Thr Ala Gly Thr Ser Val Lys Ala Pro Glu Trp Leu Leu Ala 
1940 1945 1950 

cat ttc ctg gee ttc att gac get ctg gat get tat gtc gca gtg cct 
His Phe Leu Ala Phe lie Asp Ala Leu Asp Ala Tyr Val Ala Val Pro 
1955 I960 1965 

tgg gac bet ggt eta gtc ggt eta gca tea ccg ctc^cct gca ccg ccg 5952 
Trp Asp Ser Gly Leu Val Gly Leu Ala Ser Pro Leu'pro Ala Pro Pro 
1970 1975 1980 

cag aca tac atg ctg tgg gea gaa gac gga gtc tgc aaa gac tct gat 6000 
Gin Thr Tyr Met Leu Trp Ala Glu Asp Gly Val Cys Lys Asp Ser Asp 
1985 1990 1995 2000 

agt get cgt ccc gag tae cgt gac gat gac cca egc gag atg aga tgg 6048 
Ser Ala Arg Pro Glu Tyr Arg Asp Asp Asp Pro Arg Glu Met Arg Trp 
2005 2010 2015 

ctg ttg gag aac aga aca aac ttt ggt ccg aat ggt tgg gag gcg eta 6096 
Leu Leu Glu Asn Arg Thr Asn Phe Gly Pro Asn Gly Trp Glu Ala Leu 
2020 2025 2030 

ctt ggt ggc aaa gag ggt ttg ttc atg gat egg att gcg gaa gcg aat 6144 
Leu Gly Gly Lys Glu Gly Leu Phe Met Asp Arg He Ala Glu Ala Asn 
2035 2040 2045 



6192 



6219 
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He Ser Ser Leu Pro Ala Val Gin Gin I#ys Leu Phe Pro Asn Phe Ala 
50 55 60 

Asp He Gin Glu Leu Val Ser Lys ser Asp Trp Gly Ser Gly Asn Pro 
65 70 75 80 

Ala Leu Thr Ser Ala Leu Ala Cys Phe Tyr His Leu Cys Ser Phe He 
.85 90 ' 95 

His Phe Tyr Asp Gly Gin Gly Arg Thr Phe Pro Ser Glu Asn Ser Arg 
100 105 . 110 

He He Gly Leu Cys Val Gly Ser Leu Ala Ala Thr Ala Val Ser Cys 
* 115 • 120 . 125 „ 

Ser Thr Ser Leu Ser Glu Leu Val Ser Ala Gly Val Asp Ala Val Arg 
130 135 140' 

Val Ala Leu His Val Gly Leu Arg Val Trp Arg Thr Thr Ser Leu Phe 
145 150 155 160 

Asp Val Pro Asp Arg Pro Ser Ala Thr Trp Phe He He Val Pro Glu 
165 170 175 

Ala Val Leu Pro Arg Glu Ser Ala Gin Asp Arg Leu Asp Ser Phe lie 
180 185 190 

He Glu Met Gly Leu Ala Arg Ser Ser Val Pro Tyr He Ser ser val 
195 200 205 

Ala His His Asn Met Thr He Ser Gly Pro Pro Ser Val Leu Glu Lys 
210 215 220 

Phe He His Ser He Ser* Thr Ser Pro Lys Asp Ser Leu Pro Val Pro 
225 230 235 240 

He Tyr Ala Pro Tyr His Ala Ser His Leu Tyr Ser Met Asp Asp Val 
245 250 255 

Asp Glu Val Leu Ser Leu Ser Ala Pro Ser Phe Ala Ser Glu Ser He 
260 265 270 

He Pro Leu He Ser Ser Ser Ser Gly Asp Glu Leu Gin Pro Leu Lys* 
275 280 285 

Tyr Ala Asp Leu Leu Arg Cys Cys Val Ser Asp Met Leu He Gin Pro 
290 295 300 

Leu Asp Leu Thr Lys Val Gin Ala Val Ala Gin Leu Leu Glu val 

305 310 315 320 

Ser Ser Ser Thr Arg Ala He He Lys Pro He Ala Thr Ser Val Ser 
325 330 335 

Asn Ser Leu Val Ser Val Leu Glu Pro Thr Leu Ala Glu Arg Cys Ala 
340 345 350 



S 
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Val ASP Asri Ser Met 6ly Pro Lys Ala Ser Thr Ser His Ser Ser Ala 
3S5 360 36S 

Glu Thr Gin Thr Glu Ser Ser Ser Lys Asn Ser Lys lie Ala lie Val 
370 375 380 

Ala Met Ser Gly Arg Phe Pro Asp Ala Ala Asp Leu Ser Glu Phe Trp 
385 390 395 400 

ASP Leu Leu Tyr Glu Gly Arg Asp val His Arg Gin lie Pro Glu Asp 
405 410 

Arg pne Asn Ala Glu Leu His Tyr Asp Ala Thr Gly Arg Arg Lys Asn 
420 425 • 430 

Thr Ser Lys val Met Asn Gly Cys Phe lie Lys Olu Pro Gly Leu Phe 
435 440 445 

Asp Ala Arg Phe Phe Asn Met Ser Pro Lys Glu Ala Glu Gin Ser Asp 
450 455 460 

Pro Gly Gin Arg Met Ala Leu Glu Thr Ala Tyx Glu Ala Leu Glu Met 
465 470 475 480 

Ala Ser lie Val Pro Asp Arg Thr Pro Ser Thr Gin Arg Asp Arg val 
485 490 495 

Glv val Phe Tyr Gly Met Thr Ser Asp Asp Trp Arg Glu Val Asn Ser 
500 505 510 

Gly Gin Asn val Asp Thr Tyr Phe He Pro Gly Gly Asn Arg Ala Phe 
515 520 525 

Thr pro Gly Arg Leu Asn Tyr Phe Phe Lys Phe Ser Gly Pro Ser Ala 

530 535 540 

Ser val Asp Thr Ala Cys Ser Ser Ser Leu Val Gly Leu His Leu Ala 
545 5S0 



555 560 



Cys Asn Ser Leu Trp Arg Asn Asp Cys Asp Thr Ala lie Ala Gly Gly 
565 570 575 

Thr Asn val Met Thr Asn Pro Asp Asn Phe Ala Gly Leu Asp Arg Gly 
580 585 590 

His Phe Leu Ser Arg Thr Gly Asn Cys Asn Thr Phe Asp Asp Gly Ala 
595 600 605 

ASP Gly Tyr Cys Arg Ala Asp Gly Val Gly Thr He He Leu Lys Arg 

610 615 620 

Leu Glu ASP Ala Glu Ala Asp Asn Asp Pro lie Leu Gly Val He Leu 
62S 630 635 640 

Gly Ala Tyr Thr Asn His Ser Ala Glu Ala Val Ser He Thr Arg Pro 
645 650 655 
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His Ala Gly Ala Gin Glu Tyr- He Phe Ser Lys Leu Leu Arg Glu Ser 
660 665 670 

Gly Thar Asp Pro Tyr Asn Val Ser Tyr 11© Qlu Mec His Gly Thr Gly 
675 680 685 

Thr Gin Ala Gly Asp Ala Thr Glu Met Thr Ser Val Leu Lys Thr Phe 
690 695 700 

Ala Pro Thr Ser Gly Phe Gly Gly Arg Leu Pro His Gin. Asn Leu His 
705 710 715 720 

Leu Gly Ser Val Lys Ala Asn Val Gly His Gly Glu Ser Ala Ser Gly 



Pro Pro His Cys Gly He Lys Thr Lys He Asn His His Phe Pro Thr 
755 760 765 

Asp Leu Thr Gin Arg Asn Val His He Ala Lys Val Pro Thr Ser Trp 
770 775 780 

Thr Arg Ser Gly Gin Ala Asn Pro Arg He Ala Phe Val Asn Asn Phe 
785 790 795 800 

Ser Ala Ala Gly Gly Asn Ser Ala Val Leu Leu Gin Asp Ala Pro Gin 
805 810 815 

Pro Ser Val val Ser Asp Val Thr Asp Pro Arg Thr Ser His Val Val 
820 825 830 

Thr Met Ser Ala Arg Ser Ala Asp Ser Leu Arg Lys Asn Leu Ala Asn 
835 840 845 

Leu Lys Glu Leu Val Glu Gly Gin Gly Asp Ser Glu Val Gly Phe Leu 
850 855 860 

Ser Lys Leu Ser Tyr Thr Thr Thr Ala Arg Arg Met His His Gin Phe 
865 870 873 880 

Arg Ala Ser Val Thr Ala Gin Thr Arg Glu Gin Leu Leu Lys Gly Leu 
885 890 895 

Asp Ser Ala He Glu Arg Gin Asp Val Lys Arg He Pro Ala Ala Ala 
900 905 910 

Pro Ser Val Gly Phe Val Phe Ser Gly Gin Gly Ala Gin Tyr Arg Gly 
915 920 925 

Met Gly Lys Glu Tyr Phe Thr Ser Phe Thr Ala Phe Arg Ser Glu He 
930 935 940 

Met Ser Tyr Asp Ser He Ala Gin Ala Gin Gly Phe Pro Ser He Leu 
945 950 955 960 



725» 



730* 



735 • 



He He Ala Leu He Lys Thr Leu Leu Met Met Glu Lys Asn Met He 
740 745 750 
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Pro Leu He Arg Gly Glu Val Glu Ala Asp Ser Leu Ser Pro Val Glu 
965 970 975 

He Gin Leu Gly Leu Thr Cys Leu Gin Met Ala Leu Ala Lys Leu Trp 
980 985 990 

Lys Ser Phe Gly Val Glu Pro Gly Phe Val Leu Gly His Ser Leu Gly 
995 1000 1005 

His Tyr Ala Ala Leu His Val Ala Gly Val Leu Ser Ala Asn Asp Thr 
1010 1015 1020 

He Tyr Leu Thr Gly He Arg Ala Gin Leu Leu Val Asp Lys Cys Glh 
025 1030 1035 • 1040 

Ala Gly Thr His Ser Met Leu Ala Val Arg Ala Ser Leu Leu Gin He 
1045 1050 1055 

Gin Gin Phe Leu Asp Ala Asn He His Glu Val Ala Cys Val Asn Gly 
1060 1065 1070 

Ser Arg Glu Val Val He Ser Gly Arg Val Ala Asp He Asp .Gin Leu 
1075 1080 1085 

val Gly Leu Leu Ser Ala Asp Asn He Lys Ala Thir Arg Val Lys Val 
1090 1095 1100 

Pro Phe Ala Phe His Ser Ala Gin Val Asp Pro He Leu Ser Asp Leu 
105 1110 1115 1120 

Asp Thr Ala Ala Ser Arg Val Thr Phe His Ser Leu Gin He Pro Val 
1125 1130 1135 

Leu Cys Ala Leu Asp Ser Ser Val He Ser 'Pro Gly Asn His Gly Val 
1140 1145 1150 

lie Gly Pro Leu His Leu Gin Arg His Cys Arg Glu Thr Val Asn Phe 
1155 1160 1165 

Glu Gly Ala Leu Has Ala Ala Glu His Glu Lys He He Asn Lys Thr 
1170 1175 1180 

Ser Thr Leu Trp He Glu He Gly Pro His Val Val Cys Ser Thr Phe 
185 1190 1195 1200 

Leu Lys Ser Ser Leu Gly Pro Ser Thr Pro Ala He Ala Ser Leu Arg 
1205 1210 1215 

Arg Asn Asp Asp Cys Trp Lys Val Leu Ala Asp Gly Leu Ser Ser Leu 
1220 1225 1230 

Tyr Ser Ser Gly Leu Thr He Asp Leu Asn Glu Tyr His Arg Asp Phe 
1235 1240 1245 

Lys Ala Ser His Gin Val Leu Arg Leu Pro Cys Tyr Ser Trp Glu His 
1250 1255 1260 
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I*ys Asn Tyr Trp lie Gin 
265 1270 



Tyr 



Lys Tyr Asp Trp Ser 
1275 



Leu Ala Lys Gly 
1280 



Asp Pro Pro lie Ala Pro Asn Ser Ser Val Glu Ala Val Ser Ala Leu 
1285 1290 . 1295 

Ser Thr Pro Ser Val Gin Lys He Leu Gin Glu Thr Ser Leu Asp Gin 
1300 1305 1310 

Val Leu Thr He Val Ala Glu Thr Asp Leu Ala Ser Pro Leu Leu Ser 
1315 1320 1325 

Glu Val Ala Gin Gly His Arg Val Asn Gly Val Lys Val Cys Thr Ser 
1330 • 1335 , 1340 

Ser Val Tyr Ala Asp val Gly Leu Thr Leu Gly Lys Tyr He Leu Asp 
345 1350 1355 1360 

Asn Tyr Arg Thr Asp Leu Glu Gly Tyr Ala Val Asp Val His Gly He 
1365 1370 1375 

Glu val His Lys Pro Leu Leu Leu Lys Glu Asp Met Asn Gly Thr Pro 
1380 1385 1390 

Gin Ala Thr Pro Phe Arg He Glu Val Arg Tyr Pro He Gin Ser Thr 
1395 1400 1405 

Thr Ala Leu Met Ser He Ser Thr Thr Gly Pro Asn Gly Gin His He 
1410 1415 1420 

Lys His Ala Asn Cys Glu Leu Arg Leu Glu His Pro Ser Gin Trp Glu 
425 1430 1435 1440 

Ala Glu Trp Asp Arg Gin Ala Tyr Leu He Asn Arg Ser Val Asn Cys 
1445 1450 1455 

Leu Leu Gin Arg Ser Ala Gin Gly Leu Asp Ser Met Leu Ala Thr Gly 
1460 1465 1470 

Met Val Tyr Lys Val Phe Ser Ser Leu Val Asp Tyr Ala Asp Gly Tyr 
1475 1480 1485 

Lys Gly Leu Gin Glu Val Val Leu His Ser Gin Glti Leu Glu Gly Thr 
1490 1495 1500 

Ala Lys Val Arg Phe Gin Thr- Pro Ser Gly Gly Phe Val Cys Asn Pro 
505 1510 1515 1520 

Met Trp He Asp Ser Cys Gly Gin Thr Thr Gly Phe Met Met Asn Cys 
1525 1530 1535 

His Gin Thr Thr Pro Asn Asp Tyr Val Tyr Val Asn His Gly Trp Lys 
1540 1545 1550 

Ser Met Arg Leu Ala Lys Ala Phe Arg Glu Asp Gly Thr Tyr Arg Thr 



1555 



1560 



1565 
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Tyr lie Arg Met Arg Pro lie Asp Ser Thr Uys Phe Ala Gly Asp Leu 
1570 1575 1580 

Tyr lie Leu Asp Glu Asp Asp Thr Val Val Gly Val Tyr Gly Asp He- 
585 1590 1595 1600 

Thr Phe Gin Gly Leu Pro Arg Arg Val Leu Asn Thr Val- Leu Pro Ser 
1605 1610 1615 

Ala Asn Ala Val Pro Val Asp Ala Pro Met Gly Arg Arg Asp val Pro 
1620 1625 1630 

Pro Ser Arg Mec Asp Val Pro Pro Val Arg Ser Gly Glu Gly Pro Pro 
, 1635 1640 . 1645 

Thr Ser Ala Pro Thr Gin Gin Ala He Ala Leu Pro Phe Ala Ala Asp 
1650 1655 1660 

Thr Ser Met Asp. Ser Arg Leu Arg Pro Leu Leu Arg He Leu Ser Glu 
665 1670 1675 1680 

Glu He Gly Leu Gly Leu Asp Val Leu Ser Asp Asp Glu Leu Asp Phe 
1685 1690 1695 

Ala Asp His Gly Val Asp Ser Leu Leu Ser Leu Thr He Thr Gly Arg 
1700 1705 1710 

Met Arg Glu Glu Leu Gly Leu Asp Val Glu Ser Thr Ala Phe Met Asn 
1715 1720 1725 

Cys pro Thr Leu Gly Ser Phe Lys Leu Phe Leu Gly Leu val Asp Gin 
1730 1735 1740 

Asp Asn Lys Gly Ser Ser Gly Ser Asp Gly Ser Gly Arg Ser Ser Pro 
745 1750 1755 1760 

Ala Pro Gly Thr Glu Ser Gly Ala Thr Thr Pro Pro Met Ser Glu Glu 
1765 1770 1775 

Asp Gin Asp Lys He Val Ser Ser His Ser Leu His Gin Phe Gin Ala 
1780 1785 1790 

Ser Ser Thr Leu Leu Gin Gly Ser Pro Ser Lys Ala Arg Ser Thr Leu 
1795 1800 1805 

Phe Leu Leu Pro Asp Gly Ser Gly Ser Ala Thr Ser Tyr Ala Ser Leu 
1810 1815 1820 

Pro Pro He Ser Pro Asp Gly Asp Val Ala Val Tyr Gly Leu Asn Cys 
825 1830 1835 1840 

Pro Trp Leu Lys Asp Ser Ser Tyr Leu Val Glu Phe Gly Leu Lys Gly 
1845 1850 1855 

Leu Thr Glu Leu Tyr Val Asn Glu He Leu Arg Arg Lys Pro Gin Gly 
I860 1865 1870 
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Pro Tyr Asn Leu Gly Gly Trp Ser Ala Gly Gly lie Cys Ala Tyr Glu 
1875 1880 1885 

Ala Ala Leu lie Leu Thar Arg Ala Gly His Gla Val Asp Arg Leu lie 
1890 1895 1900 

Leu lie Asp Ser Pro Asn Pro Val Gly Leu Glu Lys Leu Pro Pro Arg 
905 1910 1915 1920 

Leu Tyr Asp Phe Leu Asn Ser Gin Asn Val Phe Gly Ser Asp Asn Pro 
1925 1930 1935 

His Ser Thr Ala Gly Ttir Ser Val Lys Ala Pro Glu Trp Leu Leu Ala 
1940 • 1945 s 1950 

His Phe Leu Ala PHe lie Asp Ala Leu Asp Ala Tyr Val Ala Val Pro 
1955 I960 1965 

Trp Asp Ser Gly Leu Val Gly Leu Ala Ser Pro Leu Pro Ala Pro Pro 
1970 1975 1980 

Gin Thr Tyr Met Leu Tirp Ala Glu Asp Gly Val Cys Lys Asp Ser Asp 
985 1990 1995 2000 

Ser Ala Arg Pro Glu Tyr Arg Asp Asp Asp Pro Arg Glu . Met Arg Trp 
2005 2010 2015 

Leu Leu Glu Asn Arg Thr Asn Phe Gly Pro Asn Gly Trp Glu Ala Leu 
2020 2025 * 2030 

Leu Gly Gly Lys Glu Gly Leu Phe Met Asp Arg He Ala Glu Ala Asn 
2035 2040 204S 

His Phe Ser Met Leu Lys Arg Gly Arg 'Asn Ala Glu Tyr Val Ser Ala 
2050 2055 2060 

Phe Leu Ala Arg Ala Leu Asp Asn 
065 2070 

<2:i.0> 7 
<211> 228 
<212> DNA 

<213> Fusarium graminearum 

<220> 

<221> CDS 

<222> (1) . - (228) 

<40D> 7 

ggc aac aga gcg ttc act cct ggt cga etc aac tac ttc ttc aag ttc 48 
Gly Asn Arg Ala Phe Thr Pro Gly Arg Leu Asn Tyr Phe Phe Lys Phe 

agt ggg cct age get agt gtt gat acg get tgc tec tec agt etc gtt 96 
Ser Gly Pro Ser Ala Ser Val Asp Thr Ala Cys Ser Ser Ser Leu val 
20 25 30 
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ggc ttg cac ttg get tgt aat tec etc tgg ^ga aat gat tgc gat aca 144 
Gly Leu His I/eu Ala Cys Asn Ser Leu Trp Arg Asn Asp Cys Asp Thr 
35 40 45 

get ate gcg ggc gga acc aac gtc acg act aac cct gac aac ttc get 192 
Ala lie Ala Gly Gly Thr Asn Val Met Thr Asn Pro Asp Asn Phe Ala 
50 55 60 

ggt ttg gac cga ggc cac ttc eta tct aga acc ggt 228 
Gly Leu Asp Arg Gly His Phe Leu Ser Arg Thr Gly 
65 70 75 

<21D> 8 
<21i> 76 
<:212> PRT 

<213> Fusarium graminearuia 
<400> 8 

Gly Asn Arg Ala Phe Thr Pro Gly Arg Leu Asn Tyr Phe Phe Lys Phe 
1*5 10 15 

Ser Gly Pro Ser Ala Ser Val Asp Thr Ala Cys Ser Ser Ser Leu val 
20 .25 30 

Gly Leu His Leu Ala Cys Asn Ser Leu Trp Arg Asn Asp Cys Asp Thr 
35 40 45 

Ala He Ala Gly Gly Thr Asn Val Met Thr Asn Pro Asp Asn Phe Ala 
SO 55 60 

Gly Leu Asp Arg Gly His Phe Leu Ser Arg Thr Gly 
65 70 75 

<210> 9 
<2i::> 6534 
<2i:i> DNA 

<213> Wagiella dermatidis 



<400> 9 

atggaggagg tctacgtctt cggcgaccaa acggctgact gccgggcgtt cttcaccaag 60 

gtctttaccc ggaaggacaa tgccctcttg cagagcttcc tggaaagagc tggtgaagcc 120 

gtcagattcg aaaaccagaa ccgatcacat ccctccaaag cagtccctaa tttctctacc 180 

atccaagagc ttgccgaccg ttattacaga ggtgacgcga aggatgccgc gaccgagagc 240 

gctctcgttt gcatttcaca gttttgtcat ttcattggtg cctttgagga gagacggcct 300 

tcgtatattc aacctaattc agatgctcga ctagtcggtc tgtgcacagg tctaattgct 360 

gcgaccgcag tcgctgcctc agattccctg acagccctta ttcctttggc ggtcgaagcg 420 

gtccggatag cgttcagagc tggtgcccac gtgggaaaag ttgcacagca gacagaatgt 480 

gactccaaga ctcaatcgtg gtccaccatc gttgctgccg acgagaaatc tgcgcaggag S40 

gctctggatg cctttcacaa agagaanggt acatcaccca tcaaccagct gtggaccagt 600 

gtttcttccg ccacttcagt caccattagc gttccgccat ggaccaaagc ccgtcttttn 660 

gaagagtcag agttcttccg cacacaaaag agtgctccag tgtcaatatt cgctccntat 720 

cacgcaccgc acntacactc gcaatccgat ttggacaaaa tcttacgacc gcagaccaag 780 

acaatctttg gcaataccac agtgcggttt cccgtctgct caagcgtgac cggcaaaccg 840 
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ttC6.acgctg aaaacgggtt tgagcttctc 
cccctgcgat gggacaaggt gttgaaacat 
gtattcgctg ttggaccgac aaacctggcg 
acaacgaagg tcacgctgga agaccactcc 
cgtcattcaa aacgagaggc tgatatcgct 
gccgcagata atgagctttt ctggcaattg 
gtcccccccg acaggttccc tgtcgagagc 
acctctcaca caccgtttgg caattttatt 
ttcaatatigt caccaagaga agccgcacaa 
accggctacg angctatgga aatggctggc 
catgacagaa ttggcacttt ctacggtcaa 
gcccangata ttgatacpta ttfccatttca 
abcaactact tttttaagtt ttccggacct 
gcttggccgc ntatgaatgt cgcaatcaca 
ttcacgggtg gtgccaatgt gctcacgaac 
cacttcttgt ccaaaaccgg gtcctgcaag 
cgcggcgatg gtgtttgcac ggtcatcatg 
gacGCcgttc tgggtgccat ccgcggcatc 
atcacccatc cctgtgcgga gaafccaggca 
aacgttcach gcaatgacgc caactacgtt 
gacggcaccg agatggaatc tgtctcatct 
cctgaccagc ctctctacgt tggtgcagtc 
tctsjgcgcat ccgctctgat caaggtgctc 
cataccggca tcaaaaaaca gatcaacaag 
gccaataccg ccttccagac aacgcctbtt 
ttcatcaaca actttagtgc agctggtggt 
gaggtcccaa cggagccttc ccctgaccca 
aaa-::ctttgg ccgcttttaa gaggaccctt 
ccgaatgtcg-gccttcccga ccctgcatac 
ttaccgcgcc gcttcccagt tcagncaatt 
caggaccaga cccacaaccc gatccccctt 
gggcaaggct cacagcacac tgggatgggc 
cgacaagaca tcgaagagfct caatgagatc 
cccttgatcg atggatccgt ggaagttcag 
atgtgctgta ttcaaatggc tcttactcat 
gttgttatcg gccactcccc gggagaatac 
accgccgaca ccatctatct ggttggtaag 
gcaggcactc atgcgatgcc tgccgcgaga 
gccaacagcc acggcaagat fcgaaaattgc 
tccggcacaa tgggcgatat tgataccgtc 
tgcaccaagt tgaagttgcc atccgcattt 
gacttcgaaa aattggcctc ttcggtcaac 
cccctgttga gcgatgtcgt cagtgtcggg 
cactgccgca agacagtcga ctttgtcggt 
attagcgaca cttcgcttcg gctcgaggtt 
aaatclicgct tgtcagtccc aaccctggcc 
afccatttctg cgtccatggc cggcccctat 
ttccacaagg agaacgagtc cttgcgcgtg 
gagaagaatt actggttaca gtacactgga 
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caggccgcgt cgaaagaaat cataaccgac 900 
tgtgcggcag ggaaggcgtc ggaagccaag 960 
agcagfcgtgg tctccgctct caaagcctca 1020 
acctggagca cagtgccacc gcagggaacg 1080 
attgtcggct tctctggtcg ctGccccgac 1140 
ttggaacgtg gcttggatgc tcaccggccg 1200 
cacactgatc caagtggaaa gaagaagaac 1260 
gagaagccag gcttgtttga cgcgaggttc 1320 
actgacccca tgcagcggct gatgttgacc 1380 
atcgtccctg gcanaacacc ctcnacnaan 1440 
acctcanacn attggcgtga ggtcaatgcc 1500 
ggtgg^gtgc gcgccttcgg acctggtcng 1560 
antttctcgg tggacatgcn tgctaatcca 1620 
tctctcagag caaatgagtg cgatacbgcg 1680 
tctgacattt tctctggtct cagcagaggc 1740 
acatgggata atgacgctga tggctactgc 1800 
aagcgtctng acgatgccct tgcggatcga 1860 
ggcacgaacc att.cagcaga agccgtttcc 1920 
ttcttgttcg acaaggtgcc caaagagcgc 1980 
gagatgcacg gcacaggcac gcaggcaggc 2040 
gtttttgccc cacgacagcc tcgaagacgt 2100 
aagtcaaaca tcggtcacgg tgaggccgtt 2160 
cttatgctgc aaaagaacaa gatcccgcct 2220 
aactttgcac cagatctcaa ggagcgcaac 2280 
ccacgcccac ctggtggcaa gcgaacbgtg 2340 
aacacagcga tgcttttgca agatggcccg 2400 
agatcgaccc atgtggtgac antctcagcg 2460 
gccaaatacg aagcntattt gaatgcgcac 2520 
actgtcacgg cccgccgggc gcat.tacagc 2580 
tctcagttgc aagcttcgtt gagggccatt 2640 
gcctcacctc agattgctat ggettttaca 2700 
cagaaattgt ttgagacatc gaagcaattc 2760 
gctcttcggc aggggctccc ttctattatg 2820 
catctaccgc ccacagtcgt ccaactcggt 2880 
ctttggtcga cttggggaat ccagcccagt: 2940 
gctgcbctcc aagccgcbgg cgbtctgbcc 3000 
cgagctcagc bgctggagca gaagtgcaca 3060 
bctcctgbtg gbgggctcca ggatgtggbc 3120 
ggcabcaacg gcgtgcctga caccgtbcbb 3180 
gcbcaaaaac bggcggacgc bggccagaag 3240 
cabtcabccc aagbcgabcc catcttggca 3300 
taccacccac cccgtgbtcc bgbcabcbcg 3360 
ggcgtcbbcg abgcabbcba ccbcagtaga 3420 
gggbbgtccg cbggbacgbc aaccgccacc 3480 
ggcggbcacc cccbcbgcgc cagcacgatc 3540 
acgabgcgcc gtigatgaaga cccctggaag 3600 
acggccggga agtcbbbgaa cbgggacgca 3660 
ctcaacgacb bgccatbcta cggabbcgac 3720 
gatbggcbbb bgbacaaggg cgactacccc 3780 
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aagccgaccg ccccagctcc agccgccgct gcagcagcaa ggcctgecaa agcgaggaaa 3840 
tatctgtcaa cctccgttca aggtattgtc tccgaagagg tcaagggcaa gactgtcacg 3900 
attc-tcgccg agtccgactt tgcgcacccg aaattgttcc cggtcattgc cggtcacctt 3960 
gtceacggca gtggtctctg cccgtccaca ttgtacgccg acatggccta caccctcggt 4020 
caactaggcg ttggcctcct gaagccgggt gagaaggtgg acatcaatat tggcacaatg 4080 
gacaatccgg cacctcctct gctcaagaac accaatcagc ctgaaagcca aattgttcaa 4140 
acgacaatga agatcgatet cgatgccagg aaagcggact tcgccgtgac cagcaacaat 4200 
ggaaagaaag atgtcackca cgccaagtgc gtgatcgtct tcgaagatgc tgctgtttgg 4260 
aaagaacaat ggagcaagac ttcttacctg atccagtcga gaatcgacat gctgaaacac 4320 
aagatggaga atggtgaagc cgacaaggct agtcgcgcta tggcttacaa gctcttcggc 4380 
gccctcgttg actacgccga tatattccaa ggcatgcaaa acgtggtctt tgacggaccg 4440 
gaattcgagg cgacgagcaa caccaaattc cgcgctgggc egaacgatgg cgacttttac 4500 
j-tcagcccct atttcattga cagcgcttgc cacctctcan gbttcaccgt cnatgctacc''4560 
gtcnacccac aagatgagtg ctacacttct cacggttggt ccagtctccg cttcattgag 4620 
ccgcttcagc atgaccagca atactacgca tacctcaaga tgcagcccgt tccaggaagc 4680 
aagatnagag ctggcgatgt tcatgtcttc aacgcggata aagangtcct ccgtcttgcg 4740 
ggtqgcgcgc gattccagtg cattccccgc aagctcatgg atgtgstgac gcccaaacct 4800 
aagqccaatg caaaggctgc ttccccagca tctgcgaccc cgaaagcagc tccaactgtc 4860 
"aaaqcctcca gcaacctcgc tgctectgct tccgcggaac tgcccactcc caaggtcaag 4920 
gcgaagaagc cggttaaggc acaaaagacc aaggcaecag caccacccaa gcaagcctct 4980 
tctggtagtc ttgtcgtccg ggctttcgaa atcatcgcaa aggagaccga tgtcgaccaa 5040 
tccgaactca atgacgatac ccaatgggct gacatgggtg ttgacagctt gatgtcgctg 5100 
accatcGctg gcaagtccag ggaagatctt gacctcgagg ttgngagcae ccccttcacc 5160 
gactacgcct ccgtgggcgc ccttcggaag catctcagcg gcatgtctgg tcctgagccc 5220 
attgctacts gtgacgcaag ctcggttgaa cctacggact cgggttcgga gagcgacgag 5280 
gataccgtcg agccgggcat caccaccccg gacaccgaag anttcccagc gaagcntcag 5340 
gaacagggga aatccgctgc tgtggaggcg atggctcaae caccttccgc cgaagggcag 5400 
gacacgattg agaccattcg ngtagtcatc gcccaagaaa tggagatgga tctggccgaa 5460 
atcacggacg ntactgacct cagtaacctc ggaatggact ccttgatggc cctgaccgtt 5520 
cctgggaagc ttcgagagga tcatgacatt gatttggatc cgaccatctc ggcggacaac 5S80 
ccaaccctgg egcacctccg caaageactg ggtcctgaga aagccaagcc ggcgcctgca 5640 
ccgaaacaag angtcaggac caatgtcgtt gtcgctcctg etgcgcctcc ggttgangtc 5700 
gtcgtgcana tnccccccgc cacatctgtg ctgcttcagg gcaatcccaa gacagccacc 5760 
aanaatctgt tcttgttccc tgatggctcc gggtctgcca catcctatgt gcccatcccg 5820 
gccattgaca gcaanaacct ggctgtctat gggttaaatt gtccattcat gaaagatcec 5880 
kccagctaca cttgegggat cnaaagtgtc tccaanctgt atctcgaaaa agtccttcnc 5940 
cgacagccta atggtccata taccctcngg ggctggtcag caagtggtgt ctttgcttac 6000 
naaatcacca nacaactcan tgacttacag aanctccaec ctgaeaagaa ctacaccgtt 6060 
gaaaaattga atcttatcna ctcnccatgc ccgatccgte tggagcctct acctgcccgc 6120 
ctgcaccacc cctttgatga aattggtctt ttggggacag gcaccggcaa gaccccgaac eiao 
tggctgctac cccatttcga atacagcatc aaggcgttga ctgcctaccg ccctgagctg 6240 
aagtctacac gcgatttcaa tgcaccaccc accttgctca tccgggccac ^^«tggtgtc 6300 



tgcag=«.c =cBi,«a==c ,ag.=cso=s — «=« lllZll^l All 

6480 

gctaagggtg ctggtcaata catccgggag tctctctcca cgtanagagc ttga 6534 



tgcggcaagc ccggtgcivw - - - - 

tggctgctgg aaaaccgcac ggactttgga cccaacggat gggacaagct tttgggtgct 
glLtctgta aaatggttac agtggttggt aaccatttca ccatgatgaa accaccggtg 6480 



<210> 10 
<211> 2177 
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<212> PRT 

<213> Wagiella dermatidls 
<400> 10 

Met Glu Glu Val Tyr Val Phe Gly Asp Qln Thr Ala* Asp Cys Arg Ala 
15 10 15 

Phe Phe 1*hr Lys Val Phe Thr Arg Lys Asp Asn Val Leu Leu Gin Ser 
20 25 30 

Phe Leu Glu Arg Ala Gly Glu Ala Val Arg Phe Glu Asn Gin Asn Arg 
35 40 45 

Ser His Pro Ser Lys Ala Val Pro Asn Phe Ser Thr life Gin Glu Leu 
50 55 60 

Val Asp Arg Tyr Tyr Arg Gly Asp Ala Lys Asp Ala Ala Thr Glu Ser 
65 70 75 80 

Ala Leu Val Cys lie Ser Gin Phe Cys His Phe lie Gly Ala Phe Glu 

85 SO 95 

Glu Arg Arg Pro Ser Tyr He Gin Pro Asn Ser Asp Ala Arg Leu Val 
100 105 110 

Gly Leu Cys Thr Gly Leu He Ala Ala Thr Ala Val Ala Ala Ser Asp 
115 120 125 

Ser Leu Thr Ala Leu He Pro Leu Ala Val Glu Ala Val Arg He Ala 
130 135 140 

Phe Arg Ala Gly Ala His Val Gly Lys Val Ala Gin Gin Thr Glu Cys 
145 150 • 155 160 

Asp Ser Lys Thr Gin Ser Trp Ser Thr He Val Ala Ala Asp Glu Lys 
165 170 175 

Ser Ala Gin Glu Ala Leu Asp Ala Phe His Lys Qlu Xaa Gly Thr Ser 
180 185 190 

Pro He Asn Gin Leu Trp He Ser Val Ser Ser Ala Thr Ser Val Thr 



Phe Phe Arg Thr Gin Lys Ser Ala Pro Val Ser He Phe Ala Pro Tyr 
225 230 235 240 

His Ser His Xaa His Ser Gin Ser Asp Leu Asp Lys He Leu Arg 

245 250 255 

Pro sin Thr Lys Thr He Phe Gly Asn Thr Thr Val Arg Phe Pro Val 



195 



200 



205 



He Ser Val Pro Pro Trp Thr Lys Ala Arg Leu Xaa Glu Glu Ser Glu 
210* 215 220 



260 



265 



270 
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Cys Ser Ser Val Thr Gly Lys Pro Phe Asn Ala Glu Asn Gly Phe Glu 
275 280 285 

Leu Leu Gin Ala Ala Leu Lys Glu lie lie He Asp Pro Leu Arg Trp 
290 295 300 

Asp Lys Val Leu Lys Tyr Cys Ala Ala Gly Lys Ala Ser Glu Ala Lys 
305 310 315 320 

Val Phe Ala Val Gly Pro Thr Asn Leu Ala Ser Ser Val Val Ser Ala 
325 330 335 

Leu Lys Ala Ser Thr Thr Lys Val Thr Leu Glu Asp His Ser Thr Trp 
340 345 350 

Ser Thr Val Pro Pro Gin. Gly Thr Arg His Ser Lys Arg GXu Ala Asp 
355 360 365 

He Ala Xla Val Gly Phe Ser Gly Arg Phe Pro Asp Ala Ala Asp Asn 
370 375 380 

Glu Leu Phe Trp Gin Leu Leu Glu Arg Gly Leu Asp Val His Arg Pro . 
385 390 395 400 

Val Pro Pro Asp Arg Phe Pro Val Glu Ser His Thr Asp Pro Ser Gly 
405 410 415 

• Lys. Lys Lys Asn Thr Ser His Thr Pro Phe Gly Asn Phe He Glu Lys 
420 425 430 

Pro Gly Leu Phe Asp Ala Arg Phe Phe Asn Met Ser Pro Arg Glu Ala 
435 440 445 

Ala Gin Thr Asp Pro Met Gin Arg Leu Met Leu Thr Thr Gly Tyr Xaa 
450 455 460 

Ala Met Glu Met Ala Gly He Val Pro Gly Xaa Thr Pro Ser Thr Xaa 
465 470 475 480 

His Asp Arg He Gly Thr Phe Tyr Gly Gin Thr Ser Xaa Xaa Trp Arg 
485 490 495 

Glu Val Asn Ala Ala Xaa Asp He Asp Thr Tyr Phe He Ser Gly Gly 
500 505 510 

Val Ar^ Ala Phe Gly Pro Gly Xaa He Asn Tyr Phe Phe Lys Phe Ser 
515 520 525 

Gly Pro Xaa Phe Ser Val Asp Met Xaa Ala Asn Pro Ala Trp Pro Xaa 
530 535 540 

Met Asn val Ala He Thr Ser Leu Arg Ala Asn Glu Cys Asp Thr Val 
545 550 555 560 

Phe Thr Gly Gly Ala Asn Val Leu Thr Asn Ser Asp He Phe Ser Gly 
565 570 575 
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Leu Ser Arg Gly His Phe Leu Ser Lys Thr Gly Ser Cys Lys Thr Trp 
580 585 590 

ASP Asn Asp Ala Asp Gly Tyr Cya Arg Gly Asp Gly Val Cys Thr Val 
595 600 605 

lie Met Lys Arg Leu Asp Asp Ala Leu Ala Asp Arg Asp Pro val Leu 
610 615 620 

Gly Val He Arg Gly He Gly Thr Asn His Ser Ala Glu Ala Val Ser 
625 630 635 640 

He Thr His Pro Cys Ala Glu Asn Gin Ala Phe Leu Phe Asp Lys Val 
$45 • 650 • 655 . 

Leu Lys Glu Cys Asn Val His Cys Asn Asp Val Asn Tyr Val Glu Met 
660 665 670' 

His Gly Thr Gly Thr Gin Ala Gly Asp Gly He Glu Met Glu Ser val 
675 680 685 

Ser Ser Val Phe Ala Pro Arg Gin Pro Arg Arg Arg Pro Asp Gin Pro 
690 695 700 

Leu Tyr Val Gly Ala Val Lys Ser Asn He Gly His Gly Glu Ala Val 
705 710 715 720 

Ser Gly Val Ser Ala Leu He Lys Val Leu Leu Met Leu Gin Lys Asn 
725 730 735 

Lys He Pro Pro His Thr Gly lie Lys Lys Gin He Asn- Lys Asn Phe 
740 745 750 

Ala Pro Asp Leu Lys Glu Arg Asn Val Asn He Ala Phe Gin Thr Thr 
755 760 765 

Pro Phe Pro Arg Pro Pro Gly Gly Lys Arg Thr Val Phe He Asn Asn 
770 775 780 

Phe Ser Ala Ala. Gly Gly Asn Thr Ala Met Leu Leu Gin Asp Gly Pro 
785 790 795 800 

Glu Val Pro Thr Glu Pro Ser Ser Asp Pro Arg Ser Thr His Val Val 
805 810 815 

Thr. Xaa Ser Ala Lys Ser Leu Ala Ala Phe Lys Arg Thr Leu Ala Lys 
820 825 830 

Ty:c Glu Ala Tyr Leu Asn Ala His Pro Asn Val Gly Leu Pro Asp Leu 
835 840 845 

Ala Tyr Thr Val Thr Ala Arg Arg Ala His Tyr Ser Leu Pro Arg Arg 
850 855 860 

Phe Pro Val Gin Ser He Ser Gin Leu Gin Ala Ser Leu Arg Ala He 
865 870 875 880 
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Gin Asp Gin Thr His Asa Pro He Pro Leu Ala Ser Pro Gin lie Ala 
885 890 

Met Ala Ph« Thr Gly Gin Gly Ser Gin Tyr Thr Gly Met Gly Gin Lys 
900 905 910 

Leu Phe Glu Thr Ser Lys Gin Phe Arg Gin Asp He Glu Glu Phe Asn 
915 920 925 

Glu He Ala Leu Arg Gin Gly Leu Pro Ser He Met Pro Leu He Asp 

930 935 940 

Gly Ser Val Glu Val Gin His Leu Pro Pro Thr Val Val Gin Leu Gly 
945 950 ' 

Met Cys Cys He Gin Met Aia Leu Thr His Leu Trp Ser Thr Trp Gly 
965 970 975 

He Gin Pro Ser Val Val He Gly His Ser Leu Gly Glu Tyr Ala Ala 
980 985 990 

Leu Gin Ala Ala Gly Val Leu Ser He Ala Asp Thr He Tyr Leu Val 
995 1000 1005 

Gly Lye Arg Ala Gin Leu Leu Glu Gin Lys Cys Thr Ala Gly Thr His 

1010 1015 1020 

Ala Met Leu Ala Val Arg Ser Pro Val Gly Gly Leu Gin Asp Val Val 
1025 1030 1035 



Ala Asn 



ser His Gly Lys He Glu Asn Cys Gly He Asn Gly Val Ser 



1045 1050 



1055 



ASP Thr val Leu Ser Gly Thr Met Gly Asp He Asp Thr Val Ala Gin 
1060 1065 1070 

Lys Leu Ala Asp Ala Gly Gin Lys Cys Thr Lys Leu Lys Leu Pro Phe 
1075 1080 1085 

Ala Phe His ser Ser Gin Val Asp Pro He Leu Ala Asp Phe Glu Lys 

1090 1095 1100 

Leu Ala Ser Ser Val Asn Tyr His Pro Pro Arg Val Pro Val He Ser 
11C5 1110 1115 

pro Leu Leu Ser Asp Val Val Ser Val Gly Gly Val Phe Asp Ala Phe 
1125 1130 113S. 

Tyr Leu ser Arg His Cys Arg Lys Thr Val Asp Phe Val Gly Gly Leu 
1140 114S 1150 

ser Ala Gly Met Ser Thr Ala Thr He Ser Asp Thr Ser Leu Trp Leu 

1155 1160 11" 

Glu val Gly Gly His Pro Leu Cys Ala Ser Met He Lys Ser Cys Leu 
1170 1175 • 11«0 
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Ssr val Pro Thr Leu Ala Thr Mec Arg Arg Asp Glu Asp Pro Trp Lys 
1185 1190 1195 1200 

lie He Ser Ala Ser Met Ala Gly Leu Tyr Thr Ala Gly Lys Ser Leu 
1205 1210 1215 

Asn Trp Asp Ala Phe His Lys Glu Asn Glu Ser Leu Arg Val Leu Aan 
1220 1225 1230 

. Asp Leu Pro Phe Tyr Gly Phe Asp Glu Lys Asn Tyr Trp Leu Gin Tyr 
1235 1240 1245 

Thr Gly Asp Trp Leu Leu Tyr Lys Gly Asp Tyr Pro Lys Ala He Ala 
1250 . 1255 , 1260 

Pro Ala Pro Ala Ala Ala Ala Ala Ala Arg Pro Ala Lys Ala Arg Lys 
"65 1270 1275 1280 

Tyr Leu Ser Thr Ser Val Gin Gly He Val Ser Glu Glu Val Lys Gly 
1285 1290 1295 

Lys Thr val Thr He val Ala Glu Ser Asp Phe Ala His Pro Lys Leu 
1300 « 1305 1310 

Phe Pro val He Ala Gly His Leu Val Asn Gly Ser Gly Leu Cys Pro 
1315 1320 1325 

Ser Thr Leu Ti^r Ala Asp Met Ala Tyr Thr Leu Gly Gin Leu Gly Val 
"30 isis 1340 

Gly Leu Leu Lys Pro Gly Glu Lys val Asp He Asn He Gly Thr Met 
13*5 1350 1355 1360 

Asp Asn Pro Ala Pro Leu Leu Leu Lys AsH He Asn Gin Pro Glu Ser 
1365 1370 1375 

Gin He Val Gin Met Thr Met Lya He Asp Leu Asp Ala Arg Lys Ala 
1380 1385 1390 

Asp Phe Ala Val Thr Ser Aan Aan Gly Lys Lys Asp Val Thr His Ala 
1395 1400 1405 

Lys Cys val He Val Phe Glu Asp Ala Ala Val Trp Lys Glu Gin Trp 
1410 1415 _ 1420 

Ser Lys Thr Ser Tyr Leu He Gin Ser Arg He Asp Met Leu Lys His 

1430 . 1435 1440 

Lys Met Glu Asn Gly Glu Ala Asp Lys Val Ser Arg Ala Met Ala Tyr 
1445 1450 1455 

Lys Leu Phe Gly Ala Leu Val Asp Tyr Ala Asp He Phe Gin Gly Met 
1*60 1465 1470 

Gin Asn Val Val Phe Asp Gly Pro Glu Phe Glu Ala Thr Ser Asn He 
1475 1480 1485 
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Lys Phe Arg Ala Gly Pro Asxi Asp Gly Asp Phe Tyr Phe Ser Pro Tyr 
1490 1495 1500 

Phe lie Asp Ser Ala Cya His Leu Ser Xaa Phe Thr Val Xaa Ala Thr 
1505 1510 1515 1520 

Val Xaa Pro Gin Asp Glu Cys Tyr He Ser His Gly Trp Ser Ser Leu 
1525 1530 153S 

Arg Phe He Glu Pro Leu Gin His Asp Gin Gin Tyr Tyr Ala Tyr Leu 
1540 - 1545 1550 

Lys Met Gin Pro Val Ser Gly Ser Lys Xaa Arg Ala Gly Asp Val Tyr 
1555 1560 * 1565 

Val Phe Ash Ala Asp Lys Xaa Val Leu Arg Leu Ala Gly Gly Val Arg 
1570 1575 1580 

Phe Gin Cys He Pro Arg Lys Leu Mefc Asp Val Met Met Pro Lys Pro 
1585 1590 1595 1600 

Lys Ala Asn Ala Lys Ala Ala Ser Pro Ala Ser Ala Thr Pro Lys Ala 
1605 1610 1615 

Ala Pro Thr Val Lys Ala Ser Ser Asn Leu Ala Ala Pro Ala Ser Val 
1620 1625 1630 

Glu Leu Pro Thr Pro Lys Val Lys Ala Lys Lys Pro Val Lys Ala Gin 
1635 1640" 1645 

Lys He Lys Ala Pro Ala Pro Pro Lys Gin Ala Ser Ser Gly Ser Leu 

1650 1655 leeo 

Val Val Arg Ala Kie Glu He He Ala Lys Glu He Asp Val Asp Gin 
1665 1670 1675 1680 

Ser Glu Leu Asn Asp Asp He Gin Trp Ala Asp Met Gly Val Asp Ser 
1685 • 1690 1695 

Leu Met Ser Leu Thr He Ser Gly Lys Phe Arg Glu Asp Leu Asp Leu 
1700 1705 1710 

Glu Val Xaa Ser Thr Leu Phe Thr Asp Tyr Ala Ser Val Gly Ala Leu 
1715 1720 1725 

Arg Lys His Leu Ser Gly Met Ser Gly Pro Glu Pro He Ala Thr Gly 
1730 1735 1740 

Asp Ala Ser Ser Val Glu Ser Thr Asp Ser Gly Ser Glu Ser Asp Glu 
1745 1750 1755 1760 

Asp Thr Val Glu Ser Gly He Thr Thr Pro Asp Thr Glu xaa Phe pro 
1765 1770 1775 

Ala Lys Xaa Gin Glu Gin Gly Lys Ser Ala Ala Val Glu' Ala Met Ala 
1780 1785 1790 
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Gin Pro Pro Ser Ala Glu Gly Gin 
1795 1800 



Asp Met lie Glu Thr lie Arg Val 
1805 



Val He Ala Gin Glu Met Glu Met Asp Leu Ala Glu lie Thr Asp Xaa 
1810 1815 1820 

Thr Asp Leu Ser Asn I*eu Gly Met Asp Ser Leu Met Ala Leu Thr Val 
1825 1830 1835 1840 

Leu Gly Lys Leu Arg Glu Asp His Asp lie Asp Leu Asp Pro Thr lie 
1845 1850 185S 

Leu Ala Asp Asn Pro Thr Leu hla His Leu Arg Lys Ala Leu Gly Leu 
« 1860 . 1865 . 1870 

Glu Lys Ala Lys Pro Ala Pro Ala Pro Lys Gin Xaa Val Arg Thr Asn 
1875 1880 1885 

Val Val Val Ala Pro Ala Ala Pro Pro Val Xaa Val Val Val Xaa xaa 
1890 1895 . .1900 

Pro Pro Ala Thr Ser val Leu Leu Gin Gly Asii Pro Lys Thr Ala Thr 
1905 1910 1915 1920 

Xaa Asn Leu Phe Leu Phe Pro Asp Gly Ser Gly Ser Ala Thr Ser Tyr 
1925 1930 1935 

Val Ser He Pro Ala lie Asp Ser Xaa Asn Leu Ala Val Tyr Gly Leu 
1940 1945 1950 

Asn Cys Pro Phe Met Lys Asp Pro Thr Ser Tyr Thr Cys Gly He Xaa 
1955 1960 1965 

Ser Val Ser Xaa Leu Tyr Leu Glu Lys Val Leu Xaa Arg Gin Pro Asn 
1970 1975 1980 

Gly Pro Tyr He Leu Xaa Gly Trp Ser Ala Ser Gly Val Phe Ala Tyr 
1985 1990 1995 2000 

Xaa lie' Thr Xaa Gin Leu Xaa Asp Leu Gin Xaa Leu His Pro Asp Lys 
2005 ^ 2010 2015 

Asn Tyr Thr Val Glu Lys Leu Asn Leu He Xaa Ser Pro Cys Pro He 
2020 2025 2030 

Arg Leu Glu Pro Leu Pro Ala Arg Leu His His Phe Phe Asp Glu He 
2035 2040 2045 

Gly Leu Leu Gly Thr Gly Thr Gly Lys Thr Pro Asn Trp Leu Leu Pro 
2050 2055 2060 

His Phe Glu Tyr Ser He Lys Ala Leu Thr Ala Tyr Arg Pro Glu Leu 
2065 2070 2075 2080 

Lys Ser Thr Arg Asp Phe Asn Ala Pro Pro Thr Leu Leu He Trp Ala 



2085 



2090 



2095 
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Tbr Asp Gly Val Cys Gly hys Pro Gly Asp Pro Arg Pro Pro Pro Gin 
2100 2105 2110 

Ala Asp Asp Pro Lys ser Met Lys Trp Leu Leu Glu Aan Arg Tbr Asp 
2115 2120 2125 

Phe Gly Pro Asn Gly Trp Asp Lys Leu Leu Gly Ala Glu Val Cys Lys 
2130 2135 2140 

Met val Thr val Val Gly. Asn His Phe Thr Met Met Lys Pro Pro Val 
2145 2150 2155 2160 

Ala Lys Gly Val Gly Gin Tyr lie Arg Glu Ser Leu Ser Met Xaa Arg 
216S 2170 2175 

Ala 



<210> 11 
<211> 6330 
<212> DNA 

<213> Aspergillus parasiticus 
<403> 11 

atggctcaat caaggcaact ctttcccttc ggcgatcaga cagcggattt tgttcccaag 60 
ctcagcagtt tactatccgt ccaggacagc cctattctag ccgcctt^tcc tgaccagtcc 120 
cactatgtcg tgcgagccca gatgctgcag agcatgaaca cggttgatca caagttggct 180 
cgaaccgctg acctgcgcca aatggtccag aagtatgtcg acggcsiaact gacccctgca 240 
tttcgaaccg ctctagtgcg cctctgccag ttgggatgct tcatccggga atacgaggaa 300 
tctggcaaca tgtacccaca gcccagtgac agccacgtgc tgggattctg catgggttcc 350 
ttggccgctg tggcggtaag ccgcagtcgc tccctgtcag agctgctgcc catcgctgta 420 
caaactgtgt tgattgcctt ccgcctcggt ctttgcgccc tggagatgcg ggatcgggtg 480 
gatgggtgta gcgatgatcg aggtgaccct tggtctacca ttgtttgggg tctggatccc 540 
cagcaagctc gtgatcagat tgaagtgttc tgtcggacca caaacgtacc tcagacaagg 600 
cgtccgtgga tcagctgcat ccctaagaat gccatcaccc taagtggcag tccatccact 660 
ttgagggcgt tctgtgcgat gcctcagatg gcccagcacc ggactgcccc aattcccatc 720 
tgtttaccgg cccacaatgg cgccctcttc acgcaggcag atatcactac catactagac 780 
acgacgccta ccactccttg ggagcaactg cccggccaaa taccttatat ttcccatgtc 840 
acggggaatg tagcccagao ttccaactac cgggacctta tagaggcagc cctgtctgag 900 
actctcttgg agcaagtgcg actagacccg gtcgagactg gactgccacg ccttttgcaa 960 
tctcgtcagg tcaagagcgt caccatcgta ccabtctcga ctcgcatgaa tgagacaatg 1020 
agcaacattc tcccagacag ctttatcagt acagagacaa ggactgacac cggacgagcc 1080 
atcccagctc caggccgacc aggcgcaggc aagtgcaagc tggetattgt gtccatgtcg 1140 
gggaggttcc ctgaatcacc gaccaccgaa agcctttggg accttctata caaagggttg 1200 
gatgtttgta aagaggttcc ccgtcgacgg tgggacatca acacgcatgt ggatcccagc 1260 
gggaaagcac gaaacaaagg ggctaccaaa cggggctgct ggctagattt ctcaggcgat 1320 
tttgatcccc gattcttcgg gatctcgccc aaagaggcgc cacagatgga tccagctcag 1380 
cgcacggcct tgatgtctac tcacgaggca atggagcggg ctggtttggt tcccgacacc 1440 
acgccgtcga cccagcgaga ccgcattggg gtcttccacg gagtcaccag taacgactgg 1500 
atggagacca atacagccca gaacattgac acatacttca tcaccggtgg aaatcggggg 1560 
tttattcccg ggcgcattaa cttctgtttc gaatctgccg* gacccagcta taccaatgac 1620 
acggcctgtt catccagtct agctgccatc cacccggcct gcaattctct ctggcggggc 1680 
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gactgtgaca cggcggtggc aggaggaact aacatgatct atactcctga tggtcacaca 1740 
ggattggaca aagggttctt: tctttcccgg actggcaact gcaaacccta cgacgacaag 1800 
gccsatggtt actgccgage tgagggggtc gggacggtgt tcatcaaacg gctggaagat 1860 
gctctggcag ataatgaccc catccttggc gttattctag atgctaaaac taatcactca 1920 
gccatgtcgg agtcgatgac tcggccgcac gtgggcgccc aaatcgataa cacgacggcg 1980 
gcgctgaaca ccactggact ccatcccaat gacttcagct acattgagat gcatggcact 2040 
ggcacccagg taggggatgc ggtggagatg gagtcagtcc tgtcggtgtt cgcgccgtcc 2100 
gaaaccgcca gaaaggcgga tcagccacta tttgccggcc cagccaaggc caacgtagga 2160 
catggagagg gagtgtctgg ggttacgagc cttattaagg ttctgatgat gatgcagcac 2220 
gatciccatae ctccccactg cggcatcaaa ccgggcagca aaatcaaccg caacttccct 2280 
gauctcggag ctcgcaatgt gcacatcgcc tttgaaccca agccctggcc acgaacacac 2340 
actccgcgca gggcgcttat qaacaacttc agtgccgcgg gagggaatac tgccttgaca 2400 
gtggaagacg chccggagcg tcactggccg acagagaagg' atccgcgctc tagtcatatc 2460 
gtcgccctgt ccgcgcatgt gggggcttcc atgaaaacca acctcgaacg actgcatcag 2520 
tatetcctga aaaaccccca cactgatctc gcgcagctgt catatactac tactgcgcgt 2580* 
cga-ggcatt atctacaccg agtgagcgtc actggcgcgt ctgttgaaga agtgactcgc 2640 
aagccagaga cggccataca gaacggggac ggagtcagtc gacccaaaag caagccgaag 2700 
atfcctctttg cfcttcacggg acaagggtct caatatgcaa ctatgggtaa gcaggtgtac 2760 
gatgcgcatc catctttcag agaggacccg gagaagtttg atcggttggc gcaaagtcat 2820 
ggcttcccta gctttcttca cgtctgtact tcacctaaag gggatgtgga agagatggct 2880 
cccgttgtgg cgcaactggc tatcacttgt ctccaaatgg cccttactaa cctcatgacc 2940 
tccttcggga cccgtcccga tgtgacagtg gggcatagtt tgggtgaatt tgcagccccg 3000 
tafcgcggcgg gagccctttc ggcctcagac gtcgtfctacc ttgttggtca aagagcggag 3060 
ctactccagg agcgctgcca acgcgggacg catgccatgc tggctgtgaa agctacccct 3120 
gaagcgttgt cccaatggac ccaggatcat gactgtgagg tggcccgtac caatggccct 3180 
gaagataccg ttctcagtgg caccactaag aatgttgccg aggttcaacg cgctatgacg 3240 
gacaacggga tcaaatgcac gctgtcgaaa ctgccgtttg ccttccattc tgcccaggtg 3300 
caacctatcc tggacgactt tgaggccctg gctcagggag cgacatttgc caagcctcaa 3360 
ctactaattc tctctccctt gccgcggaca gaaatccacg aacaaggcgt cgtgactcca 3420 
ccatafcgtcg cgcaacattg tcgtcacacc gtagatatgg cccaagcttt gagatctgct 3480 
cgagaaaagg gactcatcga cgacaaaacc ctcgtcattg agctgggacc gaagccatta 3540 
atctcgggca tggtgaaaac gacactggga gacaaaatta gcaccttacc cactctagca 3600 
ccfcaacaagg ccatttggcc cagcctgcag aagattccca ccccggtcta cacgggtggg 3660 
tgggatatta attggaagaa atatcacgcc cctttcgcct cctcccagaa ggtggtggat 3720 
ctgccgagct acggctggga tttgaaggac tactacatcc cgtatcaggg fcgactggtgt 3780 
ctgcatcgcc accagcagga ttgcaagtgc gccgctcctg gccacgaaat caaaacggcc 3840 
gactaccaag tgcctcctga gfccgacgcct caccgtccat ccaagctgga ccctagcaag 3900 
gaggccttcc ccgaaatcaa gaccaccacg acactccatc gagtggtgga agagacgacc 3960 
aaacctctgg gcgccaccct agttgtggag acagacacat ctcggaagga tgtcaacggc 4020 
ctcgctcgag ggcaccttgt cgatgggacc cctttgtgta ccccttcctc ttacgctgac 4080 
atcgccatgc aagtgggeca atacagtatg caacggctcc gtgcgggaca tccgggggcc 4140 
ggrgccatag acggccttgt ggacgtgtcc gacatggtgg tggacaaagc gttggctccc 4200 
catgggaagg gacctcaatt gctgcgcacg acgcttacca tggagtggcc gcccaaggcfc 4260 
gctgctacta cgcgaagcgc caaagtcaaa ttcgccacct attttgccga tgggaagctc 4320 
gatacggagc atgccagctg cactgtcaga ttcacaagcg atgcacagtt gaaatctcta 4380 
cgccggcctg tgtccgagta caagacccac attcgtcagt tacatgatgg ccatgctaag 4440 
ggacagttca tgcgatacaa taggaagacc gggtacaagc tcacgagcag cacggctcgg 4500 
tttaatcccg actacaCgct cctagattat ctggtgctga acgaagcaga gaacgaggca 4560 
gcaagtggtg tagacttctc gtcgggatcg tcggaaggca ccttcgcagc tcacccagct 4620 
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caogtcgatg ccatcactca ggtggccggc tttgctatga acgccaatga ^'^^'^^^^^^^ 
atujagaaac aggcctacgc taatcacggc .gggactcgt tccagatcta "aaccgctg 4740 
gataatagc-a agtcttacca ggtctacacc aagatgggtc aagcgaagga gaacgatttg 4800 
gt^catglcg atgcggtagt tccggacgga gaacaaatcg ttgctttctt ccgcggcc.t 4860 
!cactgcgat cagttcctcg tggtgcactg cgcgtcgtcc tgcagactac agtgaaaaag 4920 
gcc-gaiicgcc aactaggatc taagacaacg ccgtcgccgc cgcccccgac aacgacaacg 4980 
ccatatcgc cttataaacc agctaa.act caggtttcca gccaagcat tccagcagag 5040 
gccactcatt ctcacacccc gccacagcca aagcattccc cggtaccgga aactgccgga 5100 
agcgctccag cggcaaaagg agtaggtgtc agtaacgaaa . agttagacgc ^^^J^J^^- f^^J 
gtcgtttcgg aggagagtgg aattgccctc gaggagctca ccgatgacag ^220 
gacatgggca tcgactctct gagttcaatg gtcattggga gccgcttcag agaggacctg 5280 
LgctggLc tggggcctga gctttctctt tccactgact gcactaccgt gcgtgccttg 5340 
aHgac^cca t^t^^ggaag cggggatgct ggcagtggct ccaatgtaga -jatcctccc 5400 
ccatcagcta ctcccggcat caaccccgaa accgattggt ctagcagtgc ^^ctgatagt 5460 
attttcgcca gcgaagacca cggtcattcg agfcgagtccg gcgccgacac cggaagtccg 5520 
cetgcactcg acccgaagcc ctaetgccgc ccctcaactt ctgtcgtcct acaaggtcta 5580 
cctatggtgg cgcggaaaac tctgtttatg ctccctgatg gcggggggtc ^S^^^tctcc 5640 
tacgcctccc tgccgcgcct caaatcagat accgccgttg tgggcctgaa "geccttat 5700 
gctcgggatc cegagaacat gaactgcaca catggagcta tgattgagag ctctcgcaat 5760 
gaga?ccggc ggcgacagcc acggggcccc taccacctgg gcggctggtc ^tccggtggt 5820 
gcattcgctt acgncgtggc cgaggcactt gttaaccaag gcgaggaggt gcat.cgtta 5880 
atcatcattg atgcgcccat: tccccaagcc atggaacaae ttccccgagc attttacgag 5940 
cacrgcaata gcatcggatt gttcgctacc cagccggggg ctagtccgga cggctcgact 6000 
gagcctccat cctacttaah cccacacttt accgccgtgg tggatgtgat gctggattac 6060 
aagctggccc cgttgcacgc gcgccggatg cccaaggtcg gcatcgtctg ggcggcagat 6120 
acLtcatgg acgagcggga cgctcccaag acgaaaggaa cgcattttat sattcagaag 6180 
cggacggaat ttggtcccga tgggtgggat acgatcatgc ccggggcctc gtttgacatt 6240 
gtccgagcag acggtgctaa tcattttacg ttgatgcaaa aggaacatgt. ctctataatt 6300 
agcgatctga tcgaccgggt catggcttag 

<210> 12 
<211> 2109 
<212> PRT 

<213?' Aspergillus parasiticus 

Ala Gin Ser Arg Gin Leu Phe Leu Phe Gly Asp Gin Thr Ala Asp 



10 15 



Met 
1 

Phe val Pro Lys Leu Arg Ser Leu Leu Ser Val Glri Asp Ser Pro He 
20 25 30 

Leu Ala Ala Phe Leu Asp Gin Ser His Tyr Val Val Arg Ala Gin Met 
35 40 45 

Leu Gin ser Met Asn Thr Val Asp His Lys Leu Ala Arg Thr Ala Asp 

50 55 60 

Leu Arg Gin Met Val Gin Lys Tyr Val Asp Gly Lys Leu Thr Pro Ala 
65 70 «0 

Phe Arg Thr Ala Leu Val Cys Leu Cys Gin Leu Gly Cys Phe lie Arg 

85 



90 95 



BASF Aktien9eaell^^£l: 20020174 



^^£1; 20 02 0174 T^J. f A^fd^^^ 1 [ 9 Z S 8 U B | d (a 3 



40 



Glu Tyr Glu Glu Ser Gly Asn Met Tyr Pro Gin Pro Ser Asp Ser Tyr 
100 105 110 

Val Leu Gly Phe Cys Met Gly Ser Leu Ala Ala Val Ala Val Ser Cys 
115 120 125 

Ser Arg Ser Leu Ser Glu Leu Leu Pro He Ala Val Gin Thr Val Leu 
130 135 140 

He Ala Phe Arg Leu Gly Leu Cys Ala Leu Glu Met Arg Asp Arg Val 
145 150 155 160 

Asp Gly Cys Ser Asp Asp Arg Gly Asp Pro Trp Ser Thr He Val Trp 
165 170 175 

Gly Leu Asp Pro Gin Gin Ala Arg Asp Gin lie Glu val Phe Cys Arg 
180 185 190 

Thr Thr Asn Val Pro Gin Thr Arg Arg Pro Trp He Ser Cys He Ser 
1S5 200 205 

Lys Asn Ala He Thr Leu Ser Gly Ser Pro Ser Thr Leu Arg Ala Phe 
210 215 220 

Cys Ala Met Pro Gin Met Ala Gin His Arg Thr Ala Pro He Pro He 
225 230 235 240 

Cys Leu Pro Ala His Asn Gly Ala Leu Phe Thr Gin Ala Asp He Thr 
245 250 255 

Thr He Leu Asp Thr Tlir Pro Thr Thr Pro Trp Glu Gin Leu Pro Gly 
260 265 270 

-Gin He Pro Tyr He Sex His Val Thr Gly Asn Val Val Gin Thr Ser 
275 280 285 

Asn Tyr Arg Asp Leu He Glu Val Ala Leu Ser Glu Thr Leu Leu Glu 
290 295 300 

Gin Val Arg Leu Asp Leu Val Glu Thr Gly Leu Pro Arg Leu Leu Gin 
305 . 310 315 320* 

Ser Arg Gin Val Lys Scr Val Thr He Val Pro Phe Leu Thr Arg Met 
325 330 335 

Asn Glu Thr Met Ser Asn He Leu Pro Asp Ser Phe Xle Ser Thr Glu 
340 345 350 

Thr Arg Thr Asp Thx* Gly Arg Ala He Pro Ala Ser Gly Arg Pro Gly 
355 360 365 

Ala Gly Lys Cys Lys Leu Ala He Val Ser Met Ser Gly Arg Phe Pro 
370 375 380 

Glu Ser Pro Thr Thr Glu Ser Phe Trp Asp Leu Leu Tyr Lys Gly Leu 
385 390 395 400 
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ASP Val Cys Lys Glu Val Pro Arg Arg Arg Trp Asp He Asn Thr His 
405 410 

val ASP Pro Ser Gly Lys Ala Arg Asn Lys Gly Ala Thr Lys Trp Gly 
420 425 430 

cys Trp Leu Asp Phe Ser Gly Asp Phe Asp Pro Ars Phe Phe Gly He 
435 - 440 445 

ser Pro Lys Glu Ala Pro Gin Met Asp Pro Ala Gin Arg Met Ala Leu 
450 455 460 

Met Ser Thr Tyr Glu Ala Met Glu Arg Ala Gly Leu Val Pro Asp Thr 
465 470 47? 480 

e 

Thr Pro ser Thr Gin Arg Asp Arg He Giy val Phe His Gly Val Thr 
485 490 495 

ser Asn Asp Trp Met Glu Thr Asn Thr Ala Gin Asn He Asp Thr Tyr 
500 505 510 

Phe He Thr Gly Gly Asn Arg Gly Phe He Pro Gly Arg He Asn Phe 
515 520 525 

Cys Phe Glu Phe Ala Gly Pro Ser Tyr Thr Asn Asp Thr Ala Cys Ser 
530 535 540 

ser ser Leu Ala Ala He His Leu Ala Cys Asn Ser Leu Trp Arg Gly 
545 550 555 560 

ASP cys Asp Thr Ala Val Ala Gly Gly Thr Asn Met He Tyr Thr Pro 
565 570 575 

ASP Gly His Thr Gly Leu Asp Lys Gly Phe Phe Leu Ser Arg Thr Gly 
580 585 590 

Asn Cys Lys Pro Tyr Asp Asp Lys Ala Asp Gly Tyr Cys Arg Ala Glu 
595 600 605 

Gly Val Gly Thr Val Phe He Lys Arg Leu Glu Asp Ala Leu Ala Asp 
610 615 620 

Asn ASP Pro He Leu Gly Val He Leu Asp Ala Lys Thr Asn His Ser 
625 630 635 640 

Ala Met Ser Glu Ser Met Thr Arg Pro His Val Gly Ala Gin He Asp 
645 650 655 

Asn Met Thr Ala Ala Leu Asn Thr Thr Gly Leu His Pro Asn Asp Phe 
660 665 670 

Ser Tyr He Glu Met His Gly Thr Gly Thr Gin Val Gly Asp Ala Val 
675 680 685 

Glu Met Glu Ser Val Leu Ser Val Phe Ala Pro Ser Glu Thr Ala Arg 
690 695 700 
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hys Ala Asp Gin Pro Leu Phe Val Gly Ser Ala Lys Ala Aan Val Gly 

'05 710 -T-ic 

715 720 

His Gly Glu Gly Val Ser Gly Val Thr Ser Leu He Lys Val Leu Met 
■725 730 735 

Met Met Gin His Asp Thr He Pro Pro His Cys Gly He Lys Pro Gly 
''^O 745 750 

Ser Lys He Asn Arg Asn Phe Pro Asp Leu Gly Ala Arg Asn Val His 

760 765 

lie Ala Phe Glu Pro Lys Pro Trp Pro Arg Thr His Thr Pro Arg Arg 
'■'^ . 775 , 780 

Val Leu He Asn Asn Phe Ser Ala Ala Gly Gly Asn Thr Ala Leu He 

795 800 
Val Glu Asp Ala Pro Glu" Arg His Trp Pro Thr Glu Lys Asp Pro Arg 
805 810 815 ■ 

Ser Ser His He val Ala Leu Ser Ala His Val Gly Ala Ser Met Lys 
«20 825 , 830 

Thr Asn Leu Glu Arg Leu His Gin Tyr Leu Leu Lys Aan Pro His Thr 
835 840 845 

Asp Leu Ala Gin Leu Ser Tyr Thr Thr Thr Ala Arg Arg Trp His Tyr 
^50 855 860 

Leu His Arg Val Ser Val Thr Gly Ala Ser Val Glu Glu Val Thr Arg 

870 875 880 

Lys Leu Glu Met Ala He Gin Asn Gly Asp Gly Val Ser Arg Pro Lys 

690 895 

Ser Lys Pro Lys He Leu Phe Ala Phe Thr Gly Gin Gly Ser Gin Tyr 

905 310 

Ala Thr Met Gly Lys Gin Val Tyr Asp Ala Tyr Pro Ser Phe Arg Glu 

320 925 

Asp Leu Olu Lys Phe Asp Arg Leu Ala Gin Ser His Gly Phe Pro Ser 

935 940 

Phe Leu His Val Cys Thr Ser Pro Lys Oly Asp Val Glu Glu Met Ala 



950 955 



960 



Pro Val val Val Gin Leu Ala He Thr Cys Leu Gin Met Ala Leu Thr 
365 970 

Asn Leu Het Thr Ser Phe Gly He Arg Pro Asp Val Thr val Gly His 
380 985 990 

Ser Leu Gly Glu Phe Ala Ala Leu Tyr Ala Ala Gly Val Leu Ser Ala 
395 1000 1005 
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Se- Asp Val Val Tyr Leu Val Gly Gin Arg Ala Glu Leu Leu Gin Glu 
■ 1010 1015 1-020 

Arg Cys Gin Arg Gly Thr His Ala Met Leu Ala Val Lys Ala Thr Pro 
102S 1030 1035 1040 

Glu Ala Leu Ser Gin Trp He Gin Asp His Asp Cys Glu Val Ala Cys 
1045 1050 1055 

lie Asn Gly Pro Glu Asp Thr Val Leu Ser Gly Thr Thr Lys Asn Val 
1060 * 1065 1070 

Ala Glu val Gin Arg Ala Met Thr Asp Asn Gly He Lys Cys Thr Leu 
1075 1080 1085 

Leu Lys Leu Pro Phe Ala Phe His Ser Ala Gin Val Gin Pro He Leu 
1090 1095 1100 

ASP ASP Phe Glu Ala Leu Ala Gin Gly Ala Thr Phe Ala Lys Pro Gin 
1105 1110 1115 1120 

Leu Leu lie Leu Ser Pro Leu Leu Arg Thr Glu He His Glu Gin- Gly 
1125 ■ 1130 1135 

val val Thr Pro Ser Tyr Val Ala Gin His Cys Arg His Thr Val Asp 
1140 1145 1150 

Met Ala Gin Ala Leu Arg Ser Ala Arg Glu Lys Gly Leu He Asp Asp 
1155 1160 11«5 

Lys Thr Leu Val He Glu Leu Gly Pro Lys Pro Leu He Ser Gly Met 
1170 1175 1180 

val Lys Met Thr Leu Gly Asp Lys He Ser Thr Leu Pro Thr Leu Ala 
1185 1190 1195 1200 

Pro Asn Lys Ala He Trp Pro Ser Leu Gin Lys He Leu Thr Ser val 
1205 1210 1215 

Tvr Thr Gly Gly Trp Asp He Asn Trp Lys Lys Tyr His Ala Pro Phe 
1220 1225 1230 

Ala Ser Ser Gin Lys Val Val Asp Leu Pro Ser Tyr Gly Trp Asp Leu 
1235 1240 1245 

Lys Asp Tyr Tyr He Pro Tyr Gin Gly Asp Trp Cys Leu His Arg His' 
1250 1255 1260 

Gin Gin ASP cys Lys Cys Ala Ala Pro Gly His Glu He Lys Th'^ Ala 
1265 .1270 1275 1280 

ASP Tyr Gin Val Pro Pro Glu Ser Thr Pro His Arg Pro Ser Lys Leu 
1285 1290 1295 

Asp pro Ser Lys Glu Ala Phe Pro Glu He Lys Thr Thr Thr Thr Leu 
1300 1305 1310 



BASF Aktiengesellacj^i: 20020174 p]9^•8 3- Jd^^^n'Q^sjuqoma 

44 

Mis Arg Val Val Glu Glu Thr Thr Lys Pro Leu Gly Ala Thr Leu Val 
1315 1320 1325 

Val Glu Thr Asp lie Ser Arg Lys Asp Val Asn Gly Leu Ala Arg Gly 
1330 133S 1340 

His Leu val Asp Gly lie Pro Leu Cys Thr Pro Ser Phe Tyr Ala Asp 
1345 1350 1355 1360 

He Ala Met Gin Val Gly Gin Tyr Ser Met Gin Arg Leu Arg Ala Gly 
1365 1370 1375 

His Pro Gly Ala Gly Ala He Asp Gly Leu Val Asp Val Ser Asp Met 
1380 • 1385 . 1390 

Val Val Asp Lys Ala Leu Val Pro His Gly Lys Gly Pro Gin Leu Leu ' 
1395 1400 1405 

Arg Thr Thr Leu Thr Met Glu Trp Pro Pro Lys Ala Ala Ala Thr Thr 
^410 1415 1420 

Arg Ser Ala Lys Val Lys phe Ala Thr Tyr Phe Ala Asp Gly Lys Leu 
1425 1430 1435 1440 

Asp Thr Glu His Ala Ser Cys Thr Val Arg Phe Thr Ser Asp Ala Gin 
1445 1450 1455 

Leu Lys Ser Leu Arg Arg Ser Val Ser Glu Tyr Lys Thr His He Arg 
1460 1465 1470 

Gin Leu His Asp Gly His Ala Lys Gly Gin Phe Met Arg Tyr Asn Arg 
1475 1480 1485 

Lys Thr Gly Tyr Lys Leu Met: Ser Ser Mec Ala Arg Phe Asn Pro Asp 
1490 1495 1500 

Tyr Met Leu Leu Asp Tyr Leu Val Leu Asn Glu Ala Glu Asn Glu Ala 
1505 1510 1515 1520 

Ala Ser Gly Val Asp Phe Ser Leu Gly Ser Ser Glu Gly Thr Phe Ala 
152S 1530 1535 

Ala His Pro Ala His Val Asp Ala He Thr Gin Val Ala Gly Phe Ala 
1540 1545 1550 

Met Asn Ala Asn Asp Asn Val Asp He Glu Lys Gin Val Tyr Val Asn 
1555 1560 1565 

His Gly Trp Asp Ser Phe Gin He Tyr Gin Pro Leu Asp Asn Ser Lys 
1570 1575 1580 

Ser Tyr Gin Val Tyr Thr Lys Met Gly Gin Ala Lys Glu Asn Asp Leu 
1585 1590 1595 16O0 

Val His Gly Asp Val Val Val Leu Asp Gly Glu Gin He Val Ala Phe 
1605 1610 1615 
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Phe Arg Gly Leu Thr Leu Arg Ser Val Pro Arg Gly Ala Leu Arg Val 
1620 1625 1630 

Val Leu Gin Thr Thr Val Lys Lys Ala Asp Arg Gin Leu Gly Phe Lys 
1635 1640 1645 

Thr Met Pro Ser Pro Pro Pro Pro Thr Thr Thr Met Pro lie Ser Pro 
1650 1655 1660 

Tyr Lys Pro Ala Asn Thr Gin Val Ser Ser Gin Ala lie Pro Ala Glu 
1665 1670 1675 1680 

Ala Thr His Ser His Thr Pro Pro Gin Pro Lya His Ser Pro Val Pro 
1685 1690 . 1695 

Glu Thr Ala Gly Ser Ala Pro Ala Ala Lys Gly Val Gly Val Ser Asn 
1700 1705 1710 

Glu Lys Leu Asp Ala Val Met Arg Val Val Ser Glu Glu Ser Gly He 
1715 1720 1725 

Ala Leu Glu Glu Leu Thr Asp Asp Ser Asn Phe Ala Asp Met Gly He 
1730 1735 1740 

Asp Ser Leu Ser Ser Met Val xle Gly Ser Arg Phe Arg Glu Asp Leu 
1745 1750 1755 1760 

Gly Leu Asp Leu Gly Pro Glu Phe Ser Leu Phe He Asp Cys Thr Thr 
1765 1770 1775 

Val Arg Ala Leu Lys Asp Phe Met Leu Gly Ser Gly Asp Ala Gly Ser 
1780 1785 1790 

Gly Ser Asn Val Glu Asp Pro Pro Pro Ser Ala Thr Pro Gly He Asn 
1795 1800 1805 

Pro Glu Thr Asp Trp Ser Ser Ser Ala Ser Asp Ser He Phe Ala Ser 
1810 1815 1820 

Glu Asp His Gly His Ser Ser Glu Ser Gly Ala Asp Thr Gly Ser Pro 
1825 1830 1835 1840 

Pro Ala Leu Asp Leu Lys Pro Tyr Cys Arg Pro Ser Thr Ser val Val 
1845 1850 1855 

Leu Gin Gly Leu Pro Met Val Ala Arg Lys Thr Leu Phe Met Leu Pro 
I860 1855 1870 

Asp Gly Gly Gly Ser Ala Ph^ Ser Tyr Ala Ser Leu Pro Arg Leu Lys 
1875 1880 1885 

Ser Asp Thr Ala Val Val Gly Leu Asn Cys Pro Tyr Ala Arg Asp Pro 
1890 1895 1900 

Glu Asn Met Asn Cys Thr His Gly Ala Met He Glu Ser Phe Cys Asn 
1905 1910 1915 1920 
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Glu lie Arg Arg Arg Gin Pro Arg Gly Pro Tyr His I^eu Gly Gly Trp 
1925 1930 1935 

Ser Ser Gly Gly Ala Phe Ala Tyr Val Val Ala Glu Ala Leu Val Asn 
1940 1945 1950 

Gin Gly Glu Glu Val His Ser Deu lie He He Asp Ala Pro He Pro 
1955 1960 1965 

Gin Ala Wet Glu Gin Leu Pro Arg Ala Phe Tyr Glu His Cys Asn Ser 
1970 1975 1980 

He Gly Leu Phe Ala Thr Gin Pro Gly Ala Ser Pro Asp Gly Ser Thr 
1985 • 1990 » 1995 * 2000 

Glu Pro Pro Ser Tyr Leu He Pro His Phe Thr Ala Val Val Asp Val 
2005 2010 2015 

Met Leu Asp Tyr Lys Leu Ala Pro Leu His Ala Arg Arg Met Pro Lys 
2020 2025 2030 

Val Gly He Val Trp Ala Ala Asp Thr Val Met Asp Glu Arg Asp Ala 
2035 2040 2045' 

Pro Lys Met Lys Gly Met His Phe Met He Gin Lys Arg Thr Glu Phe 
2050 2055 2060 

Gly Pro Asp Gly Trp Asp Thr He Met Pro Gly Ala Ser Phe Asp He 
2065 2070 2075 2080 

Val Arg Ala Asp Gly Ala Asn His Phe Thr Leu Met Gin Lys Glu His 
2085 2090 2095 

Val Ser He He Ser Asp Leu He Asp Arg Val Met Ala 
2100 2105 

<210> 13 
<211> 1986 
<212> PRT 

<213> Aspergillus nidulans 
<400> 13 

Met Glu Asp Pro Tyr Arg val Tyr Leu Phe Gly Asp Gin Thr Gly Asp 
1 5 10 . 15 

Phe Glu Val Gly Leu Arg Arg Leu Leu Gin Ala Lys Asn His Ser Leu 
20 25 30 

Leu Ser Ser Phe Leu Gin Arg Ser Tyr His Ala Val Arg Gin Glu He 
35 40 45 

Ser His Leu Pro Pro Ser Glu Arg Ser Thr Phe Pro Arg Phe Thr Ser 
50 55 60 

H€: Gly Asp Leu Leu Ala Arg His Cys Glu Ser Pro Gly Asn Pro Ala 
65 70 75 80 
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lie Glu Ser Val Leu Thr Cys He Tyr Gin Leu 6ly Cys Phe lie Asn 

85 90 
Tyr Tyr Gly ASP Leu Gly His Thr Phe Pro Ser His Ser Gin Ser Gin 
100 105 110 

Gly Leu Leu Ser Cys Ala Ala Val ser Cys 



hev Val Gly " Leu Cys Thr 
115 

Ala ser Asn He Qly Glu Leu Leu Lys Pro Ala Val Glu Val Val Val 
130 



120 125 



135 1^0 



val Ala Leu Arg Leu Gly Leu Cys Val Tyr. Arg Val Arg Lys Leu Phe 
i45 150 160 

Gly Gin Asp Gin Ala Ala Pro Leu Ser Trp Ser Ala Leu Val Ser Gly 
165 170 175 

Leu ser Glu Ser Glu Gly Thr Ser Leu He Asp Lys Phe Thr Arg Arg 
180 185 1^0 

Asn val lie Pro Pro Ser Ser Arg Pro Tyr He Ser Ala Val Cys Ala 
195 200 205 

Thr He Ser Gly Pro Pro Val Val Leu Asn Gin Phe Leu 



Asn Thr Leu 
210 



215 220 



ASP Thr Phe He Ser Gly Lys Asn Lys Ala Val Met Val Pro He His 
225 230 235 

Gly Pro Phe His Ala Ser His Leu Tyr Glu Lys Arg Asp val Glu Trp 
245 250 255 

lie Leu Lys Ser Cys Asn Val Glu Thr He Arg Asn His Lys Pro Arg 

He Pro val Leu Ser Ser Asn Thr Gly Glu Leu He Val Val Glu Asn 
275 280 285 

Glu Gly Phe Leu Lys He Ala Leu Glu Glu He Leu Leu Arg Gin 



Mec 

290 



295 300 



Met ser Trp Asp Lys Val Thr Asp Ser Cys He Ser He Leu Lys Ser 



315 320 



305 310 
val Gly ASP Asn Lys Pro Lys Lys Leu Leu Pro He Ser Ser Thr Ala 

325 

Thr Gin Ser Leu Phe Asn Ser Lau Lys Lys Ser Asn Leu Val Asn He 
340 345 350 

Glu val ASP Gly Gly He Ser Asp Phe Ala Ala Glu Thr Gin Leu Val 



355 



360 



Asn Gin Thr Gly Arg Ala Glu Leu Ser Lys He Ala He He Gly Met 
370 375 380 
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Ser Gly Arg Phe Pro Glu Ala Asp Ser Pro Gin Asp Phe Txp Asn ieu 
385 390 395 400 

Leu Tyr Lys Gly Leu Asp Val His Arg Lys Val Pro Glu Asp Arg Trp 
405 410 415 

Asp Ala Asp Ala His Val Asp Leu Thr Gly Thr Ala Thr Asn Thr Ser 
420 425 430 

Lys Val Pro Tyr Gly Cys Trp lie Arg Glu Pro Gly Leu Phe Asp Pro 
435 440 445 

Arg Phe Phe Asn Met Ser Pro Arg Glu Ala Leu Gin Ala Asp Pro Ala 
450, 455^ 460 

Gin Arg Leu Ala Leu Leu Thr Ala Tyr Glu Ala Leu Glu Gly Ala Gly 

470 475 480 

Phe Val Pro Asp Ser Thr Pro Ser Thr Gin Arg Asp Arg Val Gly He 
485 490 495 

Phe Tyr Gly Met Thr Ser Asp Asp Tyr Arg Glu Val Asn Ser Gly Gin 
500 505 510 

Asp lie Asp Thr Tyr Phe He Pro Gly Gly Asn Arg Ala Phe Thr Pro 
515 520 525 

Gly Arg He Asn Tyr Tyr Phe Lys Phe Ser Gly Pro Ser- val Ser Val 
530 535 S40 

Asp Thr Ala Cys Ser Ser Ser Leu Ala Ala. He His Leu Ala Cya Asn 
545 550 555 560 

Ser lie Trp Arg Asn Asp Cys Asp Thr Ala He Thr Gly Gly Val Asn 
565 570 575 

lie Leu Ihx Asn Pro Asp Asn Hie Ala Gly Leu Asp Arg Gly His Phe 
580 58S 590 

Leu Ser Arg Thr Gly Asn Cya Asn Thr Phe Asp Asp Gly Ala Asp Gly 
595 600 605 

Tyr Cys Arg Ala Asp Gly val Gly Thr Val Val Leu Lys Arg Leu Glu 
610 615 620 

Asp Ala Leu Ala Asp Asn Asp Pro He Leu Gly Val He Asn Gly Ala 
625 630 635 640 

Tyr Thr Asn His Ser Ala Glu Ala Val Ser He Thr Arg Pro His Val 
645 650 655 

Gly Ala Gin Ala Phe He Phe Lys Lys Leu Leu Asn Glu Ala Asn Val 
660 665 670 

Asp Pro Lys Asn He Ser Tyar He Glu Met His Gly a?hr Gly Thr Gin 
675 680 685 
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Ala Gly Asp Ala Val Glu Met Gin Ser Val Leu Asp Val Phe Ala Pro 
690 695 700 

Asp His Arg Arg Gly Pro Gly Gin Ser Leu His Leu Gly Ser Ala Lys 
705 710 715 720 

Ser Asn He Gly His Gly Glu Ser Ala Ser Gly Val Thr Ser Leu Val 
725 730 735 

Lys Val Leu Leu Met Met Lys Glu Asn Met He Pro Pro His Cys Gly 
740 745 750 

He Lys Thr Lys He Asn His Asn Phe Pro Thr Asp Leu Ala Gin Arg 
755 760 765 

Asn Val His He Ala Leu Gin Pro Thr Ala Trp Asn Arg Pro Ser Phe 
770 775 780 

Gly Lys Arg Gin He Phe Leu Asn Asn Phe Ser Ala Ala Gly Gly Asn 
785 790 795 800 

Thr Ala Leu Leu Leu Glu Asp Gly Pro Val Ser Asp Pro Glu Gly Glu 
805 810 815 

Asp Lys Arg Arg Thr His Val He Thr Leu Ser Ala Arg Ser Gin Thr 
820 825 830 

Ala Leu Gin Asn Asn He Asp Ala Leu Cys Gin Tyr He Ser Glu Gin. 
835 840 845 

Glu Lys Thr Phe Gly Val Lys Asp Ser Asn Ala Leu Pro Ser Leu Ala 
850 855 860 

Tyr Thr Thr Thr Ala Arg Arg He His His Pro Phe Arg Val Thr Ala 
865 870 875 880 

He Gly Ser Ser Phe Gin Glu Met Arg Asp Ser Leu He Ala Ser ser 
885 890 895 

Arg Lys Glu Phe Val Ala Val Pro Ala Lys Thr Pro Gly He Gly Phe 
900 905 910 

Leu Phe Thr Gly Gin Gly Ala Gin Tyr Ala Ala Met Gly Lys Gin Leu 
915 920 925 

Tyr Glu Asp Cys Ser His Phe Arg Ser Ala He Glu His Leu Asp Cys 
930 935 940 

He Ser Gin Gly Gin Asp Leu Pro Ser He Leu Pro Leu Val Asp Gly 
945 950 955 960 

Ser Leu Pro Leu Ser Glu Leu Ser Pro Val Val Val Gin Leu Gly Thr 
965 970 975 

Thr Cys Val Gin Met Ala Leu Ser Ser Phe Trp Ala Ser Leu Gly He 



980 



985 



990 
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Thr Pro Ser Phe Val Leu Gly His Ser Leu Gly Asp Phe Ala Ala Met 
995 1000 1005 

Asn Ala Ala Gly Val Leu Ser Thr Ser Asp Thr lie Tyr Ala Cys Gly 
1010 1015 1020 

Arg Arg Ala Gin Leu Leu Thr Glu Arg Cys Gin Pro Gly Thr His Ala 
1025 1030 1035 1040 

Met Leu Ala lie Lys Ala Pro Leu Val Glu Val Lys Gin Leu Leu Asn 
1045 1050 1055 

Glu Lys val His Asp Met Ala Cys lie Asn Ser Pro Ser Glu Thr Val 
1060 • 1065 • 1070 

lie Ser Gly Pro Lys Ser Ser lie Asp Glu Leu Ser Arg Ala Cys Ser 
1075 1080 1085 

Glu Lys Gly Leu Lys Ser Thr lie Leu Thr Val Pro Tyr Ala Phe His 
1090 1095 1100 

Ser Ala Gin Val Glu Pro He Leu Glu Asp Leu Glu Lys Ala Leu Gin 
1105 1110 1115 1120 

Gly He Thr Phe Asn Lys Pro Ser Val Pro Phe Val Ser Ala Leu Leu 
1125 1130 1135 

Gly Glu Val Xle Thr Glu Ala Gly Ser Asn He Leu Asn Ala Glu Tyr 
1140 1145 1150 

Leu val Arg His Cys Arg Glu Thr Val Asn Phe Leu Ser Ala Phe Glu 
1155 1160 1165 

Ala Val Arg Asn Ala Lys Leu Gly Gly Asp Gin Thr Leu Trp Leu Glu 
1170 1175 1180 

Val Gly Pro His Thr Val Cys Ser Gly Met Val Lys Ala Thr Leu Gly 
1185 1190 1195 1200 

Pro Gin Thr Thr Thr Met Ala Ser Leu Arg Arg Asp Glu Asp Thr Trp 
1205 1210 1215 

Lys Val Leu Ser Asn Ser Leu Ser Ser Leu Tyr Leu Ala Gly Val Asp 
1220 1225 1230 

He Asn Trp Lys Gin Tyr His Gin Asp Phe Ser Ser Ser His Arg Val 
1235 1240 1245 

Leu Pro Leu Pro Thr Tyr Lys Trp Asp Leu Lys Asn Tyr Trp He Pro 
1250 1255 1260 

Tyz- Arg Asn Asn Phe Cys Leu Thr Lys Gly Ser Ser Met Ser Ala Ala 
1265 1270 1275 1280 

Ser Ala Ser Leu G3n Pro Thr Phe- Leu Thr Thr Ser Ala Gin Arg Val 
1285 1290 1295 
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Val Glu Sex Arg Asp Asp Gly Leu Thi- Ala Thr Val Val Val His Asn 
1300 1305 1310 

Asp lie Ala Asp Pro Asp Leu Asn Arg Val He Gin Gly His Lys Val 
1315 1320 1325 

Asn Gly Ala Ala Leu Cys Pro Ser Ser Leu Tyr Ala Asp ser Ala Gin 
L330 1335 1340 

Thr Leu Ala Glu Tyr Leu He Glu Lys Tyr Lys Pro Glu Leu Lys Gly 
1345 1350 1355 1360 

Ser Gly Leu Asp val Cys Asn Val Thr Val Pro Lys Pro Leu He Ala 
1365 1370 . 1375 

Lys Thr Gly Lys Glu Gin Phe Arg He Ser Ala Thr Ala Asn Trp Val 
1380 1385 1390 

Asp Lys His Val Ser Val Gin Val Phe Ser Val Thr Ala Glu Gly Lys 
1395 1400 1405 

Lys Leu He Asp His Ala His Cys Glu Val Lys Leu Phe Asp Cys Met 
1410 1415 1420 

Ala Ala Asp Leu Glu Trp Lys Arg Gly Ser Tyr Leu Val Lys Arg Ser 
142.5 1430 1435 1440 

He Glu Leu Leu Glu Asn Ser Ala Val Lys Gly Asp Ala His Arg Leu 
1445 1450 1455 

Arg Arg Gly Met Val Tyr Lys Leu Phe Ser Ala Leu Val Asp Tyr Asp 
1460 1465 1470 

Glu Asxi Tyr Gin Ser He Arg Glu Val Xle Leu Asp Ser Glu His His 
1475 1480 1485 

Glu Ala Thr Ala Leu Val Lys Phe Gin Ala Pro Gin Ala Asn Phe His 
1490 1495 1500 

Arg Asn Pro Tyr Trp He Asp Ser Phe Gly His Leu Ser Gly Phe He 
1505 1510 1515 1520 

Met Asn Ala Ser Asp Gly Thr Asp Ser Lys Ser Gin Val Phe Val Asn 
1525 1530 1535 

His Gly Tip Asp Ser Met Arg Cys Leu Lys Lys Phe Ser Ala Asp Val 
1540 1545 1550 

Thr Tyr Arg Thr Tyr Val Arg Met Gin Pro Trp Arg Asp Ser He Trp 
1555 1560 1565 

Ala Gly Asn Val Tyr He Phe Glu Gly Asp Asp He He Ala Val Phe 
1570 1575 1580 

Gly Gly Val Lys Phe Gin Ala Leu Ser Arg Lys lie Leu Asp He Ala 
1585 1590 1595 1600 
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Leu Pro Pro Ala Gly Leu Ser Lys Ala Gin Thr Ser Pro lie Gin Ser 
1605 1610 1615 

Ser Ala Pro Gin Lys Pro Xle Glu Thr Ala Lys Pro Thr Ser Arg Pro 
1620 1625 . 1630 

Ala Pro Pro val Thr Met Lys Ser Phe Val Lys Lys Ser Ala Gly Pro 
1635 1640 1645 

Ser Val Val Val Arg Ala Leu Asn lie Leu Ala Ser Glu Val Gly Leu 
1650 1655 1660 

Ser Glu Ser Asp Met Ser Asp Asp Leu Val Phe Ala Asp Tyr Gly Val 
1665 • 1570 . 1675 . 1680 

Asp Ser Leu Leu Ser Leu Thr val Thr Gly Lys Tyr Arg Glu Glu I#eu 
1685 1690 1695 

Asn Leu Asp Met: Asp Ser Ser Val Phe He Glu His Pro Thr Val Gly 
1700 1705 1710 

Asp Phe Lys Arg Phe Val Thr Gin Leu Ser Pro Ser val Ala Ser Asp 
1715 1720 1725 

Ser Ser Ser Thr Asp Arg Glu Ser Glu Tyr Ser Phe Asn Gly Asp Ser 
1730 1735 1740 

Cys Ser Gly Leu Ser Ser Pro Ala Ser Pro Gly Thr Val Ser Pro Pro 
1745 1750 1755 1760 

Asn Glu Lys Val lie Gin He His Glu Asn Gly Thr Met Lys Glu He 
1765 1770 177S 

Arg Ala He He Ala Asp Glu He Gly Val Ser Ala Asp Glu He Lys 
1780 1785 X790 

Ser Asp Glu Asn Leu Asn Glu Leu Gly Met Asp Ser Leu Leu Ser Leu 
1795 1800 1805 

Thi- Val Leu Gly Lys He Arg Glu Ser Leu Asp Met Asp Leu Pro Gly 
1810 1815 1820 

Glu Phe Phe He Glu Asn Gin Thr Leu Asp Gin He Glu Thr Ala Leu 
1825 1830 1835 1840 

Asp Leu Lys Pro Lys Ala Val Pro Thr Ala Val Pro Gin Ser Gin Pro 
1845 1850 1855 

He Thr Leu Pro Gin Ser Gin Ser Thr Lys Gin Leu Ser Thr Arg Pro 
1860 1865 1870 

Thr Ser Ser Ser Asp Asn His Pro Pro Ala Thr Ser He Leu Leu Gin 
1875 1880 1885 

Gly Asn Pro Arg Thr Ala Ser Lys Thr Leu Phe Leu Phe Pro Asp Gly 
1890 1895 1900 
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»ia T^T Tie Pro Gly Val Ser Pro Asn 
Ser Gly Ser Ala Thr Ser Tyr Ala Thr lle^Pro y ^^^^ 



1905 



1910 



V.X V.1 «x oxv «u »n .ro^ Me. -^.lu .v. 

1925 

r . a™ Ser Leu Thr Thr Pro Tyr Leu Ala Glu He 
Leu Thr Cys Ser Leu Asp Ser I'Su in^ ^^^^ 

1940 ^^^^ 

^ riv Pro Tyr Asn Leu Gly Gly Trp Ser Gin 

Arg Arg Arg Gin" Pro Thr Gly^° ^ 1965 

1955 

Gly ser Ala His Thr Thr Arg His Ala Ser Je. Tyr Cys Ser Arg 



. 1970 

Ala Lys 
1985 

<210> 14 
<211> 53 
<£212> UNA • 

<213> Artificial sequence 

. w Artificial sequence: Primer 

<223> Description of Artiticiax vd 

<210> 15 
<211> 28 

<212> I>NA . . 

<213> Artificial sequence 

"^^^^^ * avfificial sequence: Primer 

<223> Description of Artxficiai aie^i 

<400> 15 28 
gacagacctg gcgccactcg ccattcag 

<210> 16 
<23-l> 20 
<2:.2> DNA 

<213> Artificial Sequence 

<220> «^*.<fieial Sequence : Primer 

<223> Description of Artif J-ciai 

„ -,c 20 
<430> 16 

ggaatcggtc aatacaotac 
<210> 17 

<211> 33 ' 

■<£212> DNA 

<213> Artificial Sequence 



— — r-rtrt*^ VI ll-l_TT 
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<220> 

<223> Description of Artificial Sequence: JPrimer 
<400> 17 

cgcagatctc tattcctttg ccctcggacg agt 33 

<21(J> 18 
<2ll> 35 
<212> DMA 

<213> Arcificial Sequence 
<220> 

<223> Description o£ Artificial Sequence: Primer 
<400> 18 * 

ggccgccacg gataccccgg ccaaagaatt cccgg 35 

<210> 19 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 19 

cggtgcccat agaaccggtt tcttaaggac cgcgc 35 

<210> 20 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seqiaence: Primer 
<400> 20 

gayccmgtty ttyaayatg 19 

<210> 21 
<2i:.> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<22:i> Description of Artificial Sequence: Primer 
<400> 21 

gtccgtccrt gcatytc 17 

<210> 22 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 22 

ataagaatgc ggccgcaatg gccctcgaaa cage 

<213> 23 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<:220> 

<223> Description o£ Artificial Sequence: Primer 
<400> 23 

aaa*:ggcgcg ccgcgcccag aatgacacc 

<210> 24 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

- <223> oescripcion of Artificial sequence: Primer 
<400> 24 

tgccacctgt agtctgcaat cag 

<210> 25 
<:21L> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 25 

tgactaaccc tgacaacttc gctg 

<210> 26 
^211> 19 
<212> DNA 

<:2l3i> Artificial SeqDJence 
<220> 

<222.> Description of Artificial Sequence: Primer 
<400> 26 

ccaggatccg actgctcag 

<210> 27 
<211> 21 
<212> DNA 

<213> .Artificial Sequence 
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<220> 

<22%> Description of Artificial Sequence: Primer 
<4.00> 27 

ctacatcgag atgcacggca c 21 

<210> 28 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<«:223> Description of Artificial Sequence: Primer 
<400> 28 

ngtcgaswga nawgaa 16 

<210> 29 
<2i:.> 16* 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
^400> 29 

gtncgaswca nawgtt 16 

<210> 30 
<211> 16 
<212> DNA 

<213> Artificial Sequence 
<22Q> 

<223> Description of Artificial Sequence: Primer 
<400> 30 

wgtgnagwan canaga 16 

<21D> 31 
<211> 15 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Primer 
<400> 31 

ntcgastwts gwgtt 15 

<210> 32 
<211> 16 
<212> DNA 

<213> Artificial Sequence 



BASF AktiengeflellsG^t 20020174 



57 

<223> Description of Artificial Sequence: Primer 
<400> 32 

tgwgnagwan casaga 

<210> 33 
^211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Se^ence: Primer 



<400> 33 

aSwgnagwan cawagg 

<210> 34 
<211> 14 
<212> DNA 

<213> Artificial Sequence 

<220> ^ . ^ 

<223> Description of Artificial Sequence: Prxmer 

<400> 34 
cawcgcngaa sgaa 

<21D> 35 
<21L> 14 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 35 
tcsccgnact wgga 

<210> 36 
<211> 23 
<212> DNA 

<213> Artificial Sequence 

<220> «^4^^v. 
<223> Description of Artificial Sequence: Prxmer 

<400> 36 

ttgttactgg agaggtaatg aag 

<210> 37 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
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<22D> 

<223> Description of Artificial Sequence: Primer 
<400> 37 

tgagacagat ctcgcgagcc etc 

<21Ci> 38 
<211> 22 
<:212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 38 

atgtctccaa aggaagctga gc 

<210> 39 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 39 

tcgagtgatg gatactgctc eg 

<210> 40 
<211> 29 
<212> DNA 

<213> Azrtificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<40Q> 40 

bggctacact agaaggacag tatttggta 

<210> 41 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<:400> 41 

gtcaggcaac tatggatgaa cgaaatagac 

<210> 42 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
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<2:!0> 

<223> Description of Artificial Se.quence: Primer 
<400> 42 

acccatccca taaataacgt catgc 25 

<210> 43 
<211> 23 
<212> DNA 

<213> Artificial Seq^exlce 
<220> 

<223> Description of Artificial SeqLuence: Primer 
<400> 43 

caactccacc agagcttggt tga 23 

<210> 44 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<22 3> Description of Artificial Sequence: Primer 
<40D> 44 

cccgaattca tgagctttgt tcaaataagg 30 

<210> 45 
<2H> 39 
<212> DNA 

<213> T^tificial Sequence 
<220> 

<223> Description of T^tificial Sequence: Primer 
<400> 45 

ttattctaga Ctttccatgg gaatggatac agccttacg 39 

<210> 46 
<211> 33 
<212> DNA 

<21S> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<:400> 46 

cgccaccatg gtgagcaagg gcgaggagct gtt 33 

<210> 47 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Seguenco: Primer 
<400> 47 

tatgatctag agtcgcggcc gctttacttg tacagctcg 39 

<210> 48 
<211> 25 
<212> DWA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

* ft ♦ 

<400> 48 

gcttctaacc cgtaccagtg gatca 25 

<210> 49 
<211> 25 
<212> DISIA 

<213> Artificial Seqtuence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 49 

ctbtgatctt ttctacgg^g tctga 



25 
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